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 Abstract 
Arkansas watermelon growers face a variety of insect pest and disease problems that have the 
potential to threaten yield. Integrated pest management tactics can provide control over these 
threats and are intended to cut down on pesticide use and its associated negative impacts like 
pesticide resistance, non-target effects, and runoff. Cover crops provide an array of benefits and 
can be useful in integrated pest management.  Evidence has shown that certain cover crops can 
increase beneficial insects and suppress disease in the following cash crop. They can also 
provide important resources to pollinators. In order to build a better understanding of how cover 
crops impact insects and disease in Southeastern watermelon production systems, this study 
sought to investigate a variety of winter cover crops and cover crop mixtures that could be 
utilized by growers in this region.  One of the objectives was to determine the best winter cover 
crop or cover crop mixture to bridge beneficial insects into watermelon and thereby reduce pests. 
The study also aimed to evaluate the potential of the different cover crops for suppressing 
common watermelon diseases. The impact of the cover crops on pollinators, especially those 
important to watermelon pollination services, was investigated as well. Based on these results, 
the ultimate goal of this research was to develop recommendations for Arkansas watermelon 
growers on how winter cover crops can promote pollinators and be implemented as part of an 
integrated pest management strategy. 
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Chapter 1: Introduction and Literature Review 
Watermelon Production 
The Watermelon Industry 
 Watermelon, Citrullus lanatus (Thunb.) Matsum & Nakai, is a crop belonging to the 
Cucurbitaceae family. Although it is indigenous to Africa, it is now cultivated in temperate and 
tropical regions throughout the world (Pereira et al., 2017; Andersen, 2011). Various cultivars 
have been developed for commercial production that may offer disease resistance and differences 
in fruit quality (Andersen, 2011). Triploid seedless watermelon cultivars have been developed 
from the traditional diploid seeded watermelon. China is the world’s top watermelon producer 
with a yield of nearly 70 million metric tons (~77 million U.S. tons) per year (U.S. Department 
of Agriculture National Agricultural Statistics Service [USDA NASS], 2011). The United States 
is the fifth largest watermelon producer in the world, yielding approximately 2 million metric 
tons (~2.2 million U.S, tons) per year (USDA NASS, 2011).   
In 2016, the United States produced approximately 1.82 billion kilograms (~4.01 billion 
pounds) of watermelons after harvesting nearly 46,000 hectares (~113,600 acres), which was an 
increase of 13% from 2015 due to gains in yield per acre (Ferreira & Perez, 2017; USDA NASS, 
2017). However, in order to meet consumer demands, the U.S. also imported a record-breaking 
775 million kilograms (~1.71 billion pounds) valued at $328.9 million, 84% of which was 
shipped from Mexico (Ferreira & Perez, 2017). Other suppliers include Costa Rica, Honduras, 
Brazil, and Canada (Ferreira & Perez, 2017). Imports currently constitute approximately one 
third of U.S. watermelon consumption which averages 2 billion kilograms (~4.9 billion pounds) 
annually (U.S. Department of Agriculture Economic Research Service [USDA ERS], 2016). The 
United States exports a relatively small fraction of its watermelon, primarily to Canada (Ferreira 
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& Perez, 2017). United States watermelon exports in 2016 consisted of approximately 158 
million kilograms (~348.8 million pounds) (Ferreira & Perez, 2017). 
Although watermelons can be grown in nearly all areas of the United States, the south 
provides reliably warm temperatures and long growing seasons that favor watermelon production 
(USDA ERS, 2016). The top watermelon-producing states are Florida, Texas, California, and 
Georgia (Ferreira & Perez, 2017; USDA ERS, 2016).  In 2015, Arkansas produced 
approximately 17 million kilograms (~38 million pounds) of watermelons on 607 hectares 
(~1,500 acres), with the crop valued at $5 million dollars (USDA NASS, 2016). Arkansas 
watermelon production occurs throughout the state, but growers are most concentrated in the 
Northeast and Southeast (USDA NASS, 2007b; Spradley & Andersen, 2003). Popular varieties 
grown include ‘All Sweet’, ‘Crimson Sweet’, and ‘Royal Sweet’ (USDA NASS, 2007b). As of 
2007, 271 Arkansas farms reported having watermelon acreage (USDA NASS, 2007a).  
Watermelon is a deep-rooted plant and grows best in well-drained sandy loam soil of pH 
5.5 to 8.0 (Andersen, 2011). Watermelons are usually planted April to May and harvested from 
July to August, depending on the variety (Spradley & Andersen, 2003). A common watermelon 
production practice amongst Arkansas growers is a plasticulture system in which transplants are 
planted into raised beds covered with black plastic (Keinath, Wintermantel, & Zitter, 2017; 
Spradley & Andersen, 2003). Alternatively, transplants can be planted into the bare ground, 
which does not offer as much weed control or as drainage as good as the raised plasticulture beds 
(Keinath, Wintermantel, & Zitter, 2017).  In comparison to other pollination-dependent crops, 
watermelon has high pollination requirements often requiring multiple pollinator visits to 
transfer enough pollen for good fruit set (Winfree et al., 2007). Bees are the principal 
watermelon pollinators and growers often bring in commercial honey bee hives (Andersen, 
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2011). Triploid watermelon varieties require diploid varieties to be planted as pollinizers 
(Andersen, 2011). 
There are many different pests and diseases that threaten watermelon production in 
Arkansas. Yield losses occur when pest damage and disease result in flower abortion, plant 
death, or in diseased, rotted, or malformed fruits (Pereira et al., 2017). Losses are greatest during 
rainy and humid periods, during which certain insect pests and pathogens thrive (Pereira et al., 
2017). Common insect pests of watermelon in Arkansas are cucumber beetles, squash bugs, and 
aphids (Spradley & Andersen, 2003). Frequently encountered diseases include downy mildew, 
powdery mildew, gummy stem blight, anthracnose, fusarium wilt, and angular leaf spot 
(Andersen, 2011; Spradley & Andersen, 2003).  
Important Watermelon Insect Pests 
The striped cucumber beetle, Acalymma vittata Fabricius (Coleoptera: Chrysomelidae) 
and the spotted cucumber beetle, Diabrotica undecimpuctata howardi Barber (Coleoptera: 
Chrysomelidae) occur throughout the United States but are exceptionally abundant in the south 
(Wilson, Day, & Kuhar, 2014). They infest watermelon fields after overwintering in the soil or 
leaf litter and will feed on stems, foliage, flowers, and fruits (Keinath, Wintermantel, & Zitter, 
2017; Spradley & Andersen, 2003). The beetles can cause serious damage especially when 
feeding on the stems of developing seedlings that are not yet well established (Spradley & 
Andersen, 2003; Latin, 2001).  Cucumber beetle larvae hatch from eggs laid in the soil and can 
cause harm to the roots while they feed (Latin, 2001). Older more developed watermelon vines 
can better withstand cucumber beetle feeding without experiencing yield loss (Wilson, Day, & 
Kuhar, 2014). Cucumber beetles are vectors for the pathogen Erwinia tracheiphila (Smith 1895) 
Bergey et al. 1923 emend. Hauben et al. 1998, which infects plants in the cucurbit family causing 
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bacterial wilt; however, many watermelon cultivars have resistance to this disease (Wilson, Day, 
& Kuhar, 2014; Spradley & Andersen, 2003).  
Squash bug, Anasa tristis De Greer (Hemiptera: Coreidae), nymphal stages and adults 
feed on cucurbit vascular tissue causing damage that may weaken or kill the plant (Spradley & 
Andersen, 2003). Severely affected leaves will wilt and die (Spradley & Andersen, 2003). 
Squash bugs often occur in large numbers which can cause heavy damage (Spradley & 
Anderson, 2003). They have piercing-sucking mouth parts that allow them to feed on 
photosynthates from the phloem and may cause the plant to wilt (Keinath, Wintermantel, & 
Zitter, 2017). Adults will overwinter and emerge in the spring when watermelon vines are 
beginning to develop and are most vulnerable, which means damage may be detrimental to crop 
establishment (Browning, 2013).   
The melon aphid, Aphis gossypii Glover (Hemiptera: Aphididae) feeds in large numbers 
on watermelon foliage and can impact plant health and development, leading to a reduction in 
yield (Spradley & Andersen, 2003; Latin, 2001). The cowpea aphid, Aphis craccivora Koch, and 
the bean aphid, Aphis fabae Scopoli, can also colonize cucurbits, but A. gossypii is the most 
damaging species (Keinath, Wintermantel, & Zitter, 2017).  Aphid outbreaks tend to occur in hot 
dry weather when fewer natural enemies are present such as lady beetles (Coleoptera: 
Coccinellidae) (Spradley & Andersen, 2003; Latin, 2001). Aphids excrete honey dew which can 
promote the growth of sooty mold on foliage that hinders photosynthesis and consequently 
reduces yield (Keinath, Wintermantel, & Zitter, 2017). Melon aphids are known to transmit 
viruses to cucurbits that may also negatively impact yield (Latin, 2001). 
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Common Watermelon Diseases 
 Downy mildew of cucurbits is caused by the oomycete Pseudoperonospora cubensis 
(Berkeley & Curtis) Rostovtsev. This pathogen disseminates as spores and is favored by warm 
humid climates (Colucci & Holmes, 2010; Latin, 2001). It will infect foliage leading to necrotic 
lesions and eventual defoliation (Colucci & Holmes, 2010). Damage to the leaves hinders 
photosynthetic activity and will cause a reduction in plant yield (Colucci & Holmes, 2010; Latin, 
2001). Fungicides are the primary means of control but this disease can also be managed by 
controlling moisture and conditions that exacerbate the disease (Colucci & Holmes, 2010).  
 Powdery mildew of cucurbits is caused by the fungal pathogen Podosphaera xanthii 
(Castagne) U. Braun & Shishkoff.  Based on a recent survey, this disease was found to be one of 
the most prominent watermelon diseases in the United States, especially in the south (Keinath & 
Rennberger, 2017). Spores of this pathogen survive on crop residues and spread rapidly; the 
disease can develop within days (Keinath & Rennberger, 2017; Latin, 2001). Like downy 
mildew, this disease affects foliage and can hinder photosynthetic activity leading to yield 
reduction (Keinath & Rennberger, 2017). The disease is exacerbated by dry conditions (Keinath 
& Rennberger, 2017). 
 Gummy stem blight is caused by one of three species of Stagonosporopsis fungi: 
Stagonosporopsis citrulli M.T. Brewer & J.E. Stewart, Stagonosporopsis cucurbitacearum (Fr.) 
Aveskamp, Gruyter & Verkley, and Stagonosporopsis caricae (Syd. & P. Syd.) Aveskamp, 
Gruyter & Verkley (Keinath, Wintermantel, & Zitter, 2017).  Gummy stem blight is a major 
threat to watermelon production in Arkansas, and it affects stems, vines, leaves, and fruit 
(Spradley & Andersen, 2003). It can overwinter in plant debris in the soil and spreads from the 
soil via splash dispersal (Spradley & Andersen, 2003; Latin, 2001). The pathogen ultimately 
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causes vine defoliation and fruit rot (Latin, 2001). It is favored by high moisture and warm 
temperatures (Latin, 2001).  
  Anthracnose is another fungal disease of cucurbits and is caused by Colletotrichum 
orbiculare (Berk. & Mont.) Arx. It can survive on plant residues in soil or alternate hosts 
(Spradley & Andersen, 2003; Latin, 2001). This fungus produces spores disseminated by rain 
and infects stems, foliage, and fruits causing necrotic lesions that will expand as the disease 
progresses (Spradley & Andersen, 2003). Anthracnose is a very serious issue in watermelon 
production because it has the potential to kill entire watermelon vines before fruit reaches 
maturity, thus devastating yield (Spradley & Andersen, 2003).  
 Fusarium wilt is caused by Fusarium oxysporum Schlechtend.: Fr. f. sp. niveum (E.F. 
Sm.) W.C. Snyder & H.N. Hans (Fon), a soil-dwelling fungus that infects watermelon roots 
(Spradley & Andersen, 2003).  After penetrating the roots, the fungus causes the plant to wilt and 
eventually die (Spradley & Andersen, 2003). Spores of this fungus can persist in the soil 
indefinitely (Latin, 2001). Recently developed resistant varieties of watermelon have greatly 
reduced yield loss associated with fusarium wilt, however it can still be an issue (Latin, 2001).  
Angular leaf spot is a bacterial disease of cucurbits caused by Pseudomonas 
syringae pv. lachrymans (Smith & Bryan). Infection is usually seed borne resulting from infested 
seed (Scheufele, 2016). This bacterium is favored by a warm humid environment, which makes 
it a common issue in the south (Scheufele, 2016). It affects foliage as well as fruit, ultimately 
disrupting plant development, reducing yield, and producing unmarketable fruits (Scheufele, 
2016). 
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Integrated Pest Management 
  While synthetic pesticides are readily available to combat insect pests and most diseases, 
overuse of pesticides is a serious problem because it can lead to environmental contamination, 
pesticide resistance, and harmful non-target and environmental effects (Flint & Van den Bosch, 
2012). Insects and plant pathogens generally have short life cycles, which allows them to rapidly 
reproduce and accumulate genetic diversity.  This leads to the potential for pest populations to 
adapt resistance to pesticide modes of action that previously had been effective at controlling 
these pests (Flint & Van den Bosch, 2012). Cases of resistance, especially amongst arthropod 
pests, are frequently reported (Flint & Van den Bosch, 2012). Broad spectrum pesticides may 
also kill beneficial non-target species, which may result in pest outbreaks. For example, 
predatory mites that would otherwise keep spider mites (Family Tetranychidae) in check are 
often eliminated by broad spectrum pesticide uses, thus allowing the explosion of spider mite 
populations (Flint & Van den Bosch, 2012; Latin, 2001). Many pesticides are also toxic to 
pollinators that are often essential to crop production (Flint & Van den Bosch, 2012). 
 Integrated pest management, or IPM offers an alternative to the heavy reliance on 
pesticides. IPM is a concept that has become increasingly popular in recent years in an effort to 
decrease use of chemical controls and minimize pesticide resistance (Flint & Van den Bosch, 
2012; Ehler, 2006). IPM is defined as a process in which pests are regularly monitored and 
various pest control tactics are combined, aiming to minimize negative environmental impact 
(Flint & Van den Bosch, 2012; Ehler, 2006). IPM is known to save growers money by 
decreasing the need for costly chemical pesticides (Flint & Van den Bosch, 2012). Strategies 
may include biological controls such as the promotion or introduction of beneficial insect 
populations (Flint & Van den Bosch, 2012; Spradley & Andersen, 2003). Cultural practices like 
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crop rotation to non-hosts, weed control, and tillage may also be useful practices for IPM. These 
practices function to disrupt pest lifecycles by eliminating alternate hosts or burying plant debris 
that harbors pathogens (Pereira et al., 2017; Flint & Van den Bosch, 2012; Latin, 2001).  Yet 
another IPM strategy is the use of cover crops, which can also benefit crop production and soil 
health. 
Cover crops 
 A cover crop is a crop planted to provide benefits to the soil and environment that will be 
terminated prior to the cultivation of a cash crop (Fageria, Baligar, & Bailey, 2005). The cover 
crop may be incorporated into the soil by tillage or left on the surface, often referred to as no-till. 
Cover crops are terminated chemically by the use of herbicides or mechanically by methods such 
as mowing or rolling (Fageria, Baligar, & Bailey, 2005). Benefits of cover crops are often 
species-specific but generally include soil conservation, improvement of soil quality, nitrogen 
contribution, weed control, pest reduction, and disease suppression (Fageria, Baligar, & Bailey, 
2005). These benefits may directly or indirectly improve cash crop health, yield, and fruit 
quality. The benefits of cover crops most important to IPM are the control of pest insects, plant 
disease, and weeds. 
Impact on Insects 
 Cover crops reduce pest insect populations via the disruption of insect life cycles and the 
promotion of natural enemy populations by providing overwintering sites, springtime habitat, 
and protection (Fageria, Baligar, & Bailey, 2005; Tillman et al., 2004). Effects of cover crops on 
pest insect populations are varied across studies depending on the crop being investigated and its 
associated pests. Bugg, Phatak, and Dutcher (1990) found that cereal rye (Secale cereale L.) 
supports populations of lady beetles which are beneficial predators of aphids. Tillman et al., 
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(2004) investigated different winter cover crop monocultures and mixes as a means to increase 
spring populations of natural enemies of cotton pests and found lady beetles present in cotton of 
all treatments. Hooks et al., (2013) found evidence that a crimson clover cover crop can be used 
to reduce Colorado potato beetle, Leptinotarsa decemlineata (Say) (Family: Chrysomelidae) 
abundance in eggplant through the promotion of natural predators. Lundgren and Fergen (2010) 
investigated the effects of cover crops on the western corn root worm, Diabrotica virgifera 
virgifera LeConte (Family: Chrysomelidae) and contend that both the increased predator 
abundance and the cover crop’s effects on the pest development led to its suppression in corn. 
Some studies did not provide support that cover crops suppress pests. Leslie et al. (2017) 
investigated the effect of no-till cover crops on beneficial insects and nematodes within a 
soybean system. The effect on beneficial foliar insects found in the soybeans after cover crops 
were terminated was varied, and the study ultimately did not offer evidence of consistent pest 
reduction or a significant impact of the cover crops on the beneficial insects (Leslie et al., 2017). 
Furthermore, it is important to note that if a cover crop serves as an alternate host to a pest insect, 
then it may increase populations of that pest and pest-related damage in the subsequent cash crop 
(Dunbar, O’Neal, & Gassmann, 2016). Dunbar, O’Neal, and Gassmann (2016) observed this 
effect with increased early lepidopteran pests and associated damage in cornfields that had 
previously been planted with a cereal rye cover crop.  It seems that the effect of cover crops on 
pest insect populations and natural enemies in the subsequent cash crop is impacted by the types 
of cover crops, the cash crop, and insect-plant host associations. However, the primary mode of 
cover crop pest suppression is the promotion of natural enemies. 
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Disease Suppression 
 Modes of disease suppression related to cover crop use in following cash crops are 
thought to be highly complex and are not yet well understood; however, there are several studies 
that provide evidence of a cover crop benefit (Everts & Himmelstein, 2015). Cover crops 
incorporated into the soil may suppress disease by increasing soil health and promoting microbes 
that in turn improve overall plant health and lessen susceptibility to disease (Larkin, Griffin, & 
Honeycutt, 2010; Galvez et al., 1995). No-till cover crops have the potential to serve as a barrier 
against splash dispersal of the pathogens (Ristaino, Parra, & Campbell, 1997). Brassica cover 
crops release compounds with fungicidal properties effective against certain soil-dwelling 
pathogens (Rosa & Rodrigues, 1999; Smolinska & Horbowicz, 1999). The disease suppressive 
effect of cover crops varies by region due to differences in pathogens present, climate, and other 
environmental factors that affect disease susceptibility (Everts, 2002).   
Hairy vetch (Vicia villosa Roth) incorporated into the soil of watermelon production 
systems has been shown to significantly suppress fusarium wilt and improve watermelon yield 
and sugar content (Zhou & Everts, 2004). The fusarium wilt suppression was comparable to the 
effect of commercially available soil fumigants (Zhou & Everts, 2004). Hybrid vetch has the 
same disease suppressive effect on fusarium wilt of watermelon as hairy vetch (Keinath et al., 
2010).  In addition to hairy vetch, the watermelon fusarium wilt suppressive effects of tilled 
cereal rye (Secale cereale L.), mustard (Brassica juncea (L.) Czern), and crimson clover 
(Trifolium incarnatum L.) were also assessed (Himmelstein, Maul, & Everts, 2014). 
Himmelstein, Maul, and Everts (2014) concluded that crimson clover has fusarium wilt 
suppressive effects comparable to those of hairy vetch.  
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Hairy vetch and crimson clover fusarium wilt suppression in watermelon may be 
attributed to an increase in soil microbial activity (Himmelstein et al., 2016; Zhou & Everts, 
2007). Arbuscular mycorrhizal interactions in watermelon roots may also play a role in fusarium 
wilt suppression (Ren et al., 2015). Himmelstein et al. (2016) found that watermelon had higher 
percentages of roots colonized by arbuscular mycorrhizal fungi when hairy vetch or crimson 
clover were incorporated into the soil. Himmelstein et al. (2016) assert that it is possible 
leguminous cover crops promote the presence of arbuscular mycorrhizal fungi in the soil and 
lead to increased beneficial interactions with watermelon roots.  Ren et al. (2015) demonstrated 
that arbuscular mycorrhizal fungi colonization of watermelon roots is beneficial in that it 
suppresses Fusarium oxysporum f. sp. niveum propagation in the rhizosphere and regulates 
watermelon root exudates to relieve stress that otherwise would have made the plant more 
susceptible to disease. 
Disease pressure increases as the pathogen becomes more abundant; when disease 
pressure is high, the disease suppressive effects of cover crops may not be as substantial because 
it is overcome by the abundance of the pathogen (Zhou & Everts, 2007; Zhou & Everts, 2006). 
In soils with severe infestations of Fusarium oxysporum f. sp. niveum, hairy vetch incorporation 
still provides some fusarium wilt suppression in watermelons but is much more effective when 
used in conjunction with a resistant watermelon cultivar (Zhou & Everts, 2007). Hairy vetch and 
a resistant cultivar provide more fusarium wilt suppression than resistant varieties alone (Zhou & 
Everts, 2007; Zhou & Everts, 2006). Conversely, in environments where Fusarium oxysporum f. 
sp. niveum soil infestation was low, hairy vetch disease suppression was not significant 
(Himmelstein, Maul, & Everts, 2014).  
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The disease suppressive effects of cover crops in watermelon were also evaluated for 
impacts on anthracnose and gummy stem blight in no-till systems using hairy vetch (Zhou & 
Everts, 2012). Zhou and Everts (2012) found consistent evidence that hairy vetch significantly 
reduces anthracnose and gummy stem blight of watermelon. The hairy vetch may have protected 
watermelon vines by serving as a physical barrier against splash dispersal of the conidia (the 
fungal pathogen inoculum) on the surface of the soil (Zhou & Everts, 2012). Similarly, Everts 
(2002) found that less disease severity on pumpkins planted into no-till hairy vetch or hairy vetch 
with cereal rye cover crops in comparison to pumpkins grown on bare ground. Although the 
exact mechanism of the disease suppression is unknown, it is proposed that the cover crop 
residues acted as a barrier against pathogen dispersal by rain splash or created a microclimate 
unfavorable for the pathogens (Everts, 2002).  
Brassica species used as cover crops are also known to have disease suppressive effects. 
These effects are the result of the degradation of glucosinolates, which are naturally occurring 
sulfur-containing compounds produced by the members of the Brassicaceae family possibly to 
serve as a plant defense (Rosa & Rodrigues, 1999).  There are many distinct glucosinolates that 
may vary within species (Rosa & Rodrigues, 1999). The enzymatic degradation of glucosinolates 
results in isothiocyanates, which have fungicidal properties (Rosa & Rodrigues, 1999; Smolinska 
& Horbowicz, 1999). Smolinska & Horbowicz (1999) tested the fungicidal efficacy of several 
Brassicaceae glucosinolate-producing plants and found that the most fungicidal activity was 
associated with the highest concentration of isothiocyanates. This fungicidal activity may extend 
to beneficial fungi; brassica species can diminish populations of soil-dwelling mycorrhizal fungi 
(Himmelstein et al., 2016). 
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Njoroge, Riley, and Keinath (2008) investigated brassica incorporation to reduce 
damping-off and fusarium wilt of watermelon but did not find evidence of disease suppression 
despite isothiocyanate presence in treated soil. In some years, pathogen presence was greater in 
mustard incorporated soils (Njoroge, Riley, & Keinath, 2008). Hartz et al. (2005) evaluated 
mustard cover crops as a strategy to suppress soilborne tomato diseases and found no disease 
suppressive effect. However, Smolinska et al. (2003) showed that isothiocyanates from brassica 
species reduced Fusarium oxysporum populations inhabiting nursery soils. The disease 
suppressive effect of brassica species on Fusarium oxysporum is dependent on the species-
specific isothiocyanates produced and sensitivity of the pathogen race (Smolinska et al., 2003).   
 There are multiple modes of cover crop disease suppression that are not yet completely 
understood. These mechanisms are highly complex and vary by cover crop species, the races of 
pathogens present, the severity of pathogen infestation, and environmental conditions. Further 
research is necessary in order to gain a better understanding of how exactly disease is suppressed 
by the use of specific cover crops in various crop production systems. 
Weed Control 
 Cover crop weed control is achieved by both physical and chemical means (Fageria, 
Baligar, & Bailey, 2005; Snapp et al., 2005; Creamer et al., 1996). While the cover crops are 
growing, they can outcompete weeds for nutrients and other resources (Fageria, Baligar, & 
Bailey, 2005; Snapp et al., 2005). When cover crop residues are left on the surface of the soil, 
they can prevent weed seed germination by blocking access to sunlight and effecting temperature 
and available moisture (Creamer et al., 1996).  The extent of cover crop weed control is species-
specific; dense cover crops such as grasses that tend to produce a lot of biomass are associated 
with the greatest weed suppression (Fageria, Baligar, & Bailey, 2005; Creamer et al., 1996). 
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Baraibar et al. (2017) investigated weed suppression in several cover crop monocultures and 
mixtures of grasses, legumes, and brassicas. They found that fall-planted cereal rye, oats, and 
mixtures of two to six species provided greater weed control in the spring than legume and 
brassica monocultures, likely attributed to the cover crop biomass (Baraibar et al., 2017).   
Allelopathic activity is also an important mechanism of cover crop weed control (Fageria, 
Baligar, & Bailey, 2005; Snapp et al., 2005).  Allelopathy is a strategy to avoid competition 
wherein plants release chemicals to inhibit growth or germination of nearby plants.  Rye is 
known to produce weed-inhibiting allelochemicals (Creamer et al., 1996). Brassica cover crops 
also produce allelopathic compounds, and their effects on weed control have been studied 
(Jabran, 2017).  Allelopathic weed suppression may be augmented by the physical suppressive 
effects of the cover crop (Jabran, 2017). Although many cover crops provide substantial weed 
control, it is important to recognize that their effects may not provide sufficient control over all 
weeds. Monday et al. (2015) demonstrated that while cereal rye provided weed control in a 
watermelon production system, it may be necessary to use herbicides as well to control more 
persistent weeds like pigweed (Amaranthus L.) and yellow nutsedge (Cyperus esculentus L. var. 
sativus Boeckeler). 
Pollinator Benefits 
 Another benefit of cover crops is their impact on pollinators. Pollinator conservation is 
extremely important because the world is currently experiencing a global pollinator decline due 
to factors such as habitat destruction, pesticide use, disease, and climate change (Potts et al., 
2010; Marks, 2005). Maintaining pollinator populations in an area of agricultural production is 
essential because an estimated 35% of global food crops are reliant on pollinator services, 
including watermelon (Klein et al., 2007).  Overwintering flowering cover crops can provide 
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floral resources to support bees and other pollinators when they begin to emerge in early spring 
(Ellis & Barbercheck, 2015; Potts et al., 2003). Providing pollinator foraging resources before 
cash crops are planted helps to support pollinator populations in the area before the cash crop is 
in bloom (Nicholls & Altieri, 2013).  
Ellis and Barbercheck (2015) investigated the pollinator conservation potential of 
different flowering cover crops in Pennsylvania by evaluating floral density, bee diversity, and 
bee visitation frequency. Their study provided evidence that floral density of the cover crop is 
the primary factor affecting bee populations (Ellis & Barbercheck, 2015). Of the three cover 
crops investigated, Ellis and Barbercheck (2015) found that canola supported the greatest 
diversity of bee species and the most bee visitation and reasoned that this was because it 
flowered earlier than Austrian pea and red clover and had the greatest floral density (Ellis & 
Barbercheck, 2015). However, likely due to variations in species-specific bee and flower 
morphology, bee communities varied by cover crop species (Ellis and Barbercheck, 2015; Potts 
et al., 2003). They also saw that a monoculture of canola had greater floral density than mixes of 
the cover crops, which may have been the result of competition between the cover crop species 
(Ellis & Barbercheck, 2015). When planting winter cover crops for pollinator benefits, it is 
essential to choose cover crops that will flower well before cover crop termination with high 
floral density (Ellis & Barbercheck, 2015).  
Other Benefits of Cover Crops 
Cover crops benefit soil conservation by preventing erosion from wind and water 
(Fageria, Baligar, & Bailey, 2005; Snapp et al., 2005). Erosion strips the top layer of the soil that 
contains important nutrients and organic matter and thus can reduce the ability of the soil to 
support plant and animal life (Fageria, Baligar, & Bailey, 2005; Snapp et al., 2005).  Cover crops 
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increase soil organic matter, which in turn increases the amount of water the soil can retain and 
reduces run off by increasing infiltration (Fageria, Baligar, & Bailey, 2005). Increasing soil 
organic matter also improves aeration, releases nutrients when broken down, and improves soil 
quality overall (Fageria, Baligar, & Bailey, 2005). Cover crops may promote microbial activity, 
another beneficial component of the soil (Fageria, Baligar, & Bailey, 2005). They can also 
increase soil nitrogen retention, and grasses and brassicas are most effective at reducing nitrogen 
leaching (Fageria, Baligar, & Bailey, 2005). 
 Nitrogen fixation is a well-known benefit of leguminous cover crops like vetch and 
clover (Fageria, Baligar, & Bailey, 2005). Symbiotic relationships between legume roots and 
nitrogen-fixing rhizobia bacteria occur in which the plant provides an ideal environment for the 
bacteria within root nodules and the bacteria take up atmospheric nitrogen and convert it into a 
usable form for the plant (Fageria, Baligar, & Bailey, 2005; Hoyt & Hargrove, 1986). When the 
cover crop is terminated, this nitrogen is released into the soil as the dry matter is decomposed 
(Fageria, Baligar, & Bailey, 2005). Nitrogen contribution by cover crops thus reduces the 
amount of fertilizer input needed for the subsequent crop (Fageria, Baligar, & Bailey, 2005; Hoyt 
& Hargrove, 1986). Rangappa, Hamama, and Bhardwaj (2002) contend that legume cover crops 
like crimson clover and hairy vetch can satisfy nitrogen requirements in seedless watermelon 
production systems, thus eliminating the need for fertilizer application.  
Common Cover Crops and Cover Crop Mixtures 
Among the most common and well-studied cover crops are legume species of clover and 
vetch; grasses such as cereal rye, oats, and winter wheat; and brassicas including mustard and 
canola. Using a mixture of cover crops rather than a monoculture has the potential to enhance the 
overall benefits of planting a cover crop. The most popular cover crop mixtures are bicultures 
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consisting of a legume species and a grass species, which are aimed at the goals of nitrogen 
contribution, nitrogen retention, biomass, and weed control (Frasier et al., 2017; Akemo, 
Regnier, & Bennett, 2000; Teasdale & Abdul-Baki, 1998; Ranells & Wagger, 1996). However, 
these bicultures produce slightly less nitrogen when compared to legume monocultures (Frasier 
et al., 2017; Ranells & Wagger, 1996). Despite this trade-off, a major advantage to the 
legume/grass biculture over a legume monoculture is increased biomass and weed control 
(Akemo, Regnier, & Bennett, 2000; Teasdale & Abdul-Baki, 1998; Ranells & Wagger, 1996).   
The success of a cover crop mixture may vary depending on its components, the region 
where it is planted, the subsequent cash crop, and various environmental conditions. Creamer, 
Bennett, and Stinner (1997) assessed a variety of cover crop mixtures designed to provide 
sufficient weed control and ideal C:N ratios. They found that not all cover crop species in the 
mixtures thrived as well as others and some may have been better suited for a different region 
(Creamer, Bennett, & Stinner, 1997). Finney and Kaye (2017) evaluated the effect of cover crop 
diversity by measuring several cover crop benefits including weed suppression, nitrogen 
retention, biomass, nitrogen availability to the subsequent cash crop, and yield of the cash crop. 
They concluded that in a corn production system, just increasing cover crop diversity has little 
impact on cash crop benefits, but there may be more potential for creating mixes in which 
species were selected with the intent to maximize greater variety of benefits (Finney & Kaye, 
2017). Smith, Atwood, and Warren (2014) evaluated the effects of a mixture of a legume, 
buckwheat, cereal rye, mustard, and sorghum-sudangrass on a subsequent oat cash crop 
compared to the effects of monocultures of each of these components. There was no evidence 
that oat growth after the cover crop mixture treatment was greater than oat growth after the 
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monoculture treatments; however, oat growth was only evaluated during one year (Smith, 
Atwood, & Warren, 2014).  
Holmes, Thompson, and Wortman (2017) examined species-specific cover crop 
contributions to weed suppression within a mixture. They observed that cover crop species 
highly suppressive to weeds when grown alone were assets for weed control when incorporated 
into mixtures (Holmes, Thompson, & Wortman, 2017). Mustard and oats were among the cover 
crops to produce the most biomass and contribute greatly to weed suppression (Holmes, 
Thompson, & Wortman, 2017). In conjunction with producing more biomass and providing 
physical weed control, a cover crop mixture may also provide a broader spectrum of weed 
control because allelopathic activity is species-specific (Creamer, Bennett, & Stinner, 1997). 
A downfall of cover crop mixes is that component species have the potential to 
outcompete each other, as demonstrated by Murrell et al. (2017). Competition between cover 
crop species threatens mix diversity; cereal rye was shown to be exceptionally aggressive within 
a mixture (Murrell et al., 2017). This study also provided evidence that grasses overperform in 
mixtures while brassicas and legumes underperform in comparison to when they are grown in 
monoculture (Murrell et al., 2017). Murrell et al. (2017) recommends that when planting cover 
crop mixtures to lower seeding rates of competitive grasses, increase seeding rates of legumes, 
and allow for sufficient development of all species before they overwinter.  
In brief, cover crop mixture success is variable and must be studied in a greater variety of 
crop production systems in order to be better understood. Cover crop mixtures including highly 
competitive species are problematic unless seeding rates are adjusted (Clark, 2007). Most cover 
crop mixtures that have been studied were designed to target soil nitrogen content and weed 
control. Cover crop mixture effects on other benefits such as pest reduction, pollinator 
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promotion, and disease suppression has yet to be evaluated fully in watermelon systems in the 
Southeast.  
Importance of Further Research 
There are several gaps in the research concerning cover crops as an integrated pest 
management strategy in watermelon production. Pest insect reduction and disease suppression 
are essential components of IPM. Although several studies examined the use of certain cover 
crops to reduce pest insects (Leslie et al., 2017; Dunbar, O’Neal, & Gassmann, 2016; Hooks et 
al., 2013; Tillman et al., 2004; Bugg, Phatak, & Dutcher, 1990), there were no studies specific to 
the reduction of important watermelon pests.  
In general, cover crop disease suppressive effects on succeeding cash crops are not well 
understood and further research is necessary to learn how to employ them to decrease crop loss 
associated with disease. The literature on cover crop disease suppression in watermelon 
production systems was concentrated on hairy vetch or crimson clover monocultures suppressing 
fusarium wilt (Himmelstein, Maul, & Everts, 2014; Keinath et al., 2010; Zhou & Everts, 2004). 
Anthracnose and gummy stem blight of watermelon were also shown to be suppressed by hairy 
vetch (Zhou & Everts, 2012), but it is unknown whether there may be disease suppressive 
potential with other cover crops and for other major watermelon diseases. Hairy vetch has the 
potential to become an invasive weed, thus there is a need to examine alternative cover crops to 
suppress watermelon diseases. Additionally, the effects of cover crops on watermelon pests and 
disease may vary by region due to differences in climate and should thus be explored in all 
regions. There have been no studies performed on watermelon production systems in Arkansas to 
date. Moreover, cover crop mixtures have not yet been assessed for disease suppression and pest 
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reduction.  The literature about cover crop mixtures was primarily aimed at nitrogen contribution 
and weed suppression, which highlights the importance of further research. 
Research on the impact of cover crop diversity on pollinators seems to be lacking overall. 
The only study that investigated the effects of different cover crops on bee diversity and 
visitation rates was conducted in Pennsylvania (Ellis & Barbercheck, 2015). Pollinator species 
vary by region and conservation may be impacted differently by cover crops in the south. 
Evaluating the impact of various cover crop monocultures and mixtures on pest and disease 
suppression and pollinator promotion in Arkansas watermelon production systems will ideally 
reveal the most beneficial cover crops to incorporate into an IPM strategy for southern 
watermelon growers.  
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Objectives 
1. Evaluate the abundance and diversity of beneficial and pest insects/arthropods in cover 
crops and in following watermelon production systems.  
2. Evaluate the impact of cover crops on disease occurrence in watermelon production 
systems.  
3. Determine the effect of cover crops on pollinator abundance and diversity, especially 
those important for watermelon pollination.  
4. Develop recommendations for growers on the most effective winter cover crop 
monoculture or mixture to implement as an integrated pest management strategy for 
watermelon production.  
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Chapter 2: Impact of Different Cover Crops on Pest and Beneficial Insects in Watermelon 
Production  
Abstract 
Amongst their many benefits, winter cover crops have the potential to provide resources to 
beneficial arthropods resulting in lower pest pressure in subsequent cash crops. This two-year 
study investigates various winter cover crops and winter cover crop mixtures and their impact on 
pest and beneficial insects in an Arkansas watermelon production system. The cover crop 
treatments included monocultures and mixtures of grasses, legumes, and a brassica. No-till and 
strip-tilled cover crop termination were examined as well. The goal of the study was to determine 
the impact these treatments had on beneficial and pest insect diversity and populations. 
Beneficial insects supported by cover crops may be bridged into the cash crop; however, if a 
cover crop serves as an alternate host to a pest of that cash crop, it may not have the intended 
beneficial effect. Ultimately, the results varied greatly from year to year and among cover crop 
treatments. Other factors outside the cover crop treatments likely contributed to our inconsistent 
results from year to year. One of the most important findings from this trial is that the cover crop 
treatments tested did not serve as an alternate host to major watermelon pests. Several cover 
crops did support populations of aphid species that were not pests of watermelon, which in turn 
increased beneficial insects such as lady beetles and parasitoid wasps. Generally, flowering cover 
crops were more attractive to the beneficial insects, with higher numbers of beneficial insects 
more frequently recorded in treatments containing mustard and crimson clover.  Both pest and 
beneficial insects were present before and after cover crop termination suggesting that a bridging 
effect occurred, but that it did not favor only one type of insect. 
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Introduction 
 Arkansas’ warm climate is ideal for watermelon production, but it also exacerbates pest 
pressure. The major insect pests affecting watermelon production in Arkansas are cucumber 
beetles, squash bugs, and melon aphids. Outbreaks of these pests can cause severe damage to 
watermelon plants and may result in yield loss. It is important to understand and manage these 
pests utilizing sustainable and economically viable tactics in the form of an integrated pest 
management approach.  
Major Watermelon Pests 
Cucumber beetles are common in the United States, especially on cucurbits (Keinath, 
Wintermantel, & Zitter, 2017).  In Arkansas, the most important species are the spotted 
cucumber beetle, Diabrotica undecimpunctata howardi Barber (Coleoptera: Chrysomelidae) and 
the striped cucumber beetle Acalymma vittatum F. (Coleoptera: Chrysomelidae) (Wilson, Day, & 
Kuhar, 2014; Spradley & Andersen, 2003). On the eastern side of the country, the striped 
cucumber beetle is considered the most severe pest of cucurbits (Keinath, Wintermantel, & 
Zitter, 2017). Cucumber beetles overwinter as adults in soil or leaf litter and emerge in the spring 
to reproduce (Keinath, Wintermantel, & Zitter, 2017; Spradley & Andersen, 2003). While 
cucumber beetles primarily cause economic damage to cucurbits, they also have alternate hosts 
in the legume, rose and daisy families, which serve as food sources when cucurbits are not in 
season (Keinath, Wintermantel, & Zitter, 2017). Cucumber beetle adults feed on foliage, stems 
and flowers; they can be especially damaging to seedlings and an outbreak can cause complete 
defoliation (Keinath, Wintermantel, & Zitter, 2017). In addition to feeding on foliage, adults will 
feed on the rinds of the fruit, causing damage to fruit quality that results in marketable yield loss 
(Keinath, Wintermantel, & Zitter, 2017). Cucumber beetles can also vector bacterial wilt, 
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Erwinia tracheiphila (Smith 1895) Bergey et al. 1923 emend. Hauben et al. 1998, to which most 
watermelon cultivars are resistant, and certain cucurbit viruses (Keinath, Wintermantel, & Zitter, 
2017; Wilson, Day, & Kuhar, 2014).  
The squash bug, Anasa tristis DeGeer (Family: Coreidae) is a cucurbit pest that favors 
squash and pumpkin but can be damaging to all cucurbits, especially when populations increase 
later in the growing season (Keinath, Wintermantel, & Zitter, 2017). Adults overwinter in crop 
debris and emerge in the spring to find cucurbit hosts where they will feed, mate, and lay eggs 
(Keinath, Wintermantel, & Zitter, 2017; Browning. 2013). Squash bugs have piercing-sucking 
mouthparts and will feed from the phloem of the plant (Keinath, Wintermantel, & Zitter, 2017).  
Seedlings are highly susceptible to feeding damage (Keinath, Wintermantel, & Zitter, 2017). 
Excessive feeding can cause the plants to wilt and die (Keinath, Wintermantel, & Zitter, 2017; 
Spradley & Andersen, 2003). 
Melon aphids are another cucurbit pest with piercing-sucking mouthparts. As aphids 
extract plant sap, plants may suffer loss of vigor and eventual yield loss occurs, especially if the 
plants are subjected to other stresses (Keinath, Wintermantel, & Zitter, 2017). Aphids also 
excrete honey dew as they feed, which may promote the growth of sooty mold that covers 
foliage and reduces photosynthetic activity (Keinath, Wintermantel, & Zitter, 2017). Aphids can 
vector viruses like cucumber mosaic virus and watermelon mosaic virus that cause reductions in 
yield (Keinath, Wintermantel, & Zitter, 2017; Latin, 2001). Aphid species that colonize cucurbits 
are the melon aphid (Aphis gossypii Glover), the cowpea aphid (Aphis craccivora Koch), and the 
bean aphid (Aphis fabae Scopoli) (Keinath, Wintermantel, & Zitter, 2017).  Of these three 
species, the most damaging is A. gossypii, the melon aphid, which feeds and reproduces on 
young cucurbit leaves (Keinath, Wintermantel, & Zitter, 2017)  Heavy infestations of melon 
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aphids will cause the leaves to become distorted and cup-shaped, which makes the aphids 
difficult to manage as it provides protection against insecticides and predators (Keinath, 
Wintermantel, & Zitter, 2017). Aphid outbreaks are much more likely to occur in the absence of 
natural enemies such as lady beetles (Coleoptera: Coccinellidae) (Latin, 2001). 
Watermelon Pest Management 
While chemical insecticides are necessary if pest populations are out of control, other 
management tactics can be utilized to help limit insecticide use. Integrated pest management 
(IPM) combines a variety of pest management techniques to help prevent or manage pest 
outbreaks before resorting to the use of insecticides (Flint & Van den Bosch, 2012). One of the 
goals of IPM is to reduce the use of pesticides and their associated negative environmental 
impacts such as pesticide resistance, non-target effects, and runoff (Flint & Van den Bosch, 
2012; Ehler, 2006). Scouting is an important part of IPM, especially for detecting the economic 
threshold of a pest (Ehler, 2006). Because watermelon is not susceptible to bacterial wilt, the 
cucumber beetle threshold is higher than for other cucurbits at an average of five beetles per 
plant (Foster, 2017). There is no set threshold for squash bugs, but it is suggested that the grower 
spray insecticide if eggs are seen throughout the field (Keinath, Wintermantel, & Zitter, 2017).  
There is no established economic threshold for melon aphids either; however, it is recommended 
to treat if populations are great enough to affect plant vigor or if excessive amounts of honey 
dew are being produced on the leaves (Keinath, Wintermantel, & Zitter, 2017).  
Steps can be taken to avoid reaching threshold and yield loss. Along with scouting, 
integrated pest management practices can be used to prevent pest populations from causing 
economic damage. One strategy in an integrated approach includes utilizing biological controls. 
A biological control is a natural antagonist of the pest (Flint & Van den Bosch, 2012). This 
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might include a natural predator or a parasitoid. The promotion of these beneficials can be 
considered a biological control tactic. Cover crops have the potential to help increase beneficial 
arthropods and thus may be a useful part of an integrated pest management plan. 
Cover Crop Impact on Insects 
Cover crops have the potential to reduce pest insect populations by promoting natural 
enemies (Fageria, Baligar, & Bailey, 2005; Tillman et al., 2004). Overwintering cover crops can 
provide resources to beneficial arthropods like natural enemies, including overwintering sites, 
habitat, and protection (Fageria, Baligar, & Bailey, 2005).  Although few studies have 
investigated the effects of different cover crops on beneficial and pest insect populations, there is 
some evidence that cover crops could help support natural enemies. Bugg, Phatak, and Dutcher 
(1990) found cereal rye benefitted populations of lady beetles and increased predation on aphids. 
Tillman et al. (2004) demonstrated that winter cover crop monocultures and mixes aided in 
increasing spring populations of cotton pest enemies and lady beetles. Strip-tilling so that cover 
crops are left standing as the cash crop develops was thought to have provided habitat for the 
beneficial insects until they could move into cotton (Tillman et al., 2004). Hooks et al. (2013) 
found evidence that a crimson clover cover crop can increase predators and reduce Colorado 
potato beetles, Leptinotarsa decemlineata (Say) (Family: Chrysomelidae) in eggplant 
production. Lundgren and Fergen (2010) investigated the effects of cover crops on the western 
corn root worm, Diabrotica virgifera virgifera LeConte (Family: Chrysomelidae) and contend 
that both the increased predator abundance and the cover crop’s effects on the pest development 
led to its suppression in corn. The concept that a cover crop could impact insects in the 
subsequently planted cash crop is called a green bridge effect. 
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The green bridge effect may serve to increase beneficial insects in the following crop; 
however, it could increase pests as well. While there is evidence that supports cover crops as a 
way to help decrease pests, some studies have shown the opposite. If a cover crop serves as an 
alternate host to a pest of the cash crop, it is possible that the cover crop could increase pest 
pressure before the cash crop is planted (Dunbar, O’Neal, & Gassmann, 2016). For example, 
Dunbar, O’Neal, and Gassmann (2016) saw increased early lepidopteran pests and associated 
damage in cornfields that had previously been planted with a cereal rye cover crop. When Leslie 
et al. (2017) evaluated arthropods in soybeans after no-till winter legume and cereal cover crop 
monoculture and mixtures, results were inconsistent and cover crops were not found to increase 
beneficial arthropods. Further research is necessary to provide a better understanding of how 
different cover crops impact insects and in particular, pests in watermelon production. 
The goal of this study was to better understand how winter cover crops impact pests and 
beneficial arthropods and specifically their potential for use in watermelon production systems. 
The study sought to investigate potential for a green bridge effect between winter cover crops 
and spring-planted watermelon. The cover crops selected are commonly used by Arkansas 
growers, but it was unclear whether they would have the potential to serve as an alternate host to 
watermelon pests of economic importance. Ultimately, the objective was to determine the best 
cover crops for increasing beneficials and decreasing pests in a watermelon. These results could 
also be generalized for other production systems. 
 
Methods 
Research Sites and Plot Setup 
Research was conducted at two field sites, the Southwest Research and Extension Center 
located in Hope, AR (33.7107°N, 93.5573°W) and the Vegetable Research Center located in 
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Kibler, AR (35.3791°N, 94.2333°W). The sites will be referred to as Hope and Kibler 
respectively. Plot setup varied by location, however, both locations had 5 replications of 12 
treatments in a randomized complete block design. Hope plots were 3.7 m by 9.1 m with 3.0 m 
allies between blocks and 1.5 m. allies between treatments. Kibler plots were 3.7 m by 9.1m with 
3.0 m allies between blocks and no allies between treatments. The 12 cover crop treatments 
consisted of black oats (Avena strigosa Schreb), cereal rye (Secale cereale L.), winter wheat 
(Triticum aestivum L.), Austrian pea (Pisum sativum subsp. arvense L.), crimson clover 
(Trifolium incarnatum L.), Austrian pea with black oats, Austrian pea with cereal rye, Austrian 
pea with winter wheat, crimson clover with black oats, mustard (Sinapis alba L.), and a mix of 
mustard, Austrian pea and black oats, as well as a control with no cover crops (Table 1). Cover 
crop treatments were chosen based on cover crop species popular amongst Arkansas growers and 
well-adapted for the southeastern U.S. (Roberts et al., 2018; Clark, 2007). Cover crop seed was 
sourced from Southern Soil Solutions Inc. (Clarendon, AR).  
Plots were established when cover crop seeds were hand broadcasted uniformly 
throughout the plots between mid-September and early October (Table 1). Seeding rates for 
cover crops in mixtures were adjusted based on standard recommendations for mixtures (Clark, 
2007). Prior to planting, Austrian pea and crimson clover seed was inoculated with nitrogen-
fixing rhizobia bacteria (Graph-Ex SA™, ABM®, Van Wert, OH), as is standard for legume cover 
crops in order to ensure they attain their full potential for nitrogen fixation (Clark, 2007). 
Austrian pea seed was broadcasted first and raked in due to a deeper planting depth requirement. 
In Kibler, cover crop seed was watered for establishment. Cover crops were not irrigated during 
the growing season. 
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Cover Crop Termination 
 Cover crops were terminated in the spring approximately two weeks before transplanting 
the watermelon. Hope cover crops were terminated by strip-tilling. The cover crops were mowed 
down at the center of the plot, leaving strips of cover crop standing on both sides. The mowed 
cover crops were then tilled into the soil and a raised plasticulture bed was formed. Kibler cover 
crops were no-till terminated by roller crimper followed by an application of glyphosate 
(Cornerstone® Plus by WinField® United, St. Paul, MN). Cover crop residue was then left on the 
soil surface. 
Watermelon Production 
 After cover crop termination, drip irrigation line was placed down the center of the plots 
at Kibler. Drip tape irrigation was utilized at Hope installed underneath the plastic mulch. 
Watermelon transplants were grown from seed in the greenhouse. Transplants of the cultivar 
‘Jubilee’ were transplanted on 4/30/18 in Hope 2018, 4/24/19 in Hope 2019, 4/20/18 in Kibler 
2018, and 4/23/19 in Kibler 2019. ‘Jubilee’ watermelon seed was sourced from Sustainable Seed 
Company (Chico, CA) for the 2018 season and NeSeed™ (Hartford, CT) for 2019.  Hope 
transplants were planted into raised beds while Kibler transplants were planted directly into the 
cover crop residue or on bare ground in control plots along the drip tape. Transplants were 
spaced 0.3 m apart with 9 plants per plot.  In Kibler 2018, ‘Jubilee’ transplants died and the field 
was replanted with transplants of the cultivar ‘790’.   
Krista™ K soluble potassium nitrate fertilizer (Yara, Tampa, FL) was drip applied per 
recommendations listed in the Southeastern Vegetable Crop Handbook (Kemble et al., 2019). 
Pesticide application was minimal (Table 2). Ridomil Gold® SL (Syngenta®, Wilmington, DE) 
was applied through the drip tape at transplant and again 30 days later. A fungicide spray 
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program was utilized in which either Bravo® C/M (Fermenta Plant Protection Company, 
Painesville, OH) or Bravo Weather Stik® (ADAMA, Raleigh, NC) with Kocide®3000 (Certis 
USA, Columbia, MD) per labeled rates were applied every 14 days. About two applications were 
made each year. Insecticides were to be applied if a major pest outbreak threatened yield. The 
only insecticide application to occur during this study was at Kibler in 2019 when Sevin® XLR 
Plus (Tessenderlo Kerley Inc., Phoenix, AZ) at the labeled rate was applied to manage an 
outbreak of striped cucumber beetles that exceeded the economic threshold. Rally® and Inspire 
Super® for powdery and downy mildew were on hand if outbreaks of these diseases had occurred 
but were not needed. 
Insect Sampling 
 Insects were sampled in the cover crops just prior to cover crop termination and just 
before transplanting the watermelon. Cover crop insects were sampled by sweep netting with a 
15 inch-diameter aerial net (BioQuip® Professional Series Insect Net, Rancho Dominguez, CA). 
Sweep netting consisted of ten consecutive 180° back and forth sweeps moving down the center 
of the plot. Sweep net insect sampling methods were adapted from Tillman et al. (2004) and 
modified to ensure a comprehensive sample that would accurately represent insect populations in 
the plots. Cover crop samples were later identified to family using Borror and DeLong’s 
Introduction to the Study of Insects, 7th edition. (Triplehorn & Johnson, 2005). All arthropods in 
the samples were identified to family when possible. 
Once the watermelon was transplanted, insects in the field were assessed weekly up until 
harvest in July. Watermelon insect data consisted of field counts of pest and beneficial insects 
found on or in the watermelon foliage. During the seedling stage, 5 plants per plot were chosen 
at random for the insect field counts. As plants matured, 5 vines were selected randomly per plot 
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for evaluation. In 2018 when watermelon vines began to fruit, insects were sampled with 5 back 
and forth sweeps of watermelon foliage. All watermelon insects were identified to family by 
sight in the field. Major watermelon pests were identified to species. 
Data Analysis 
 Once identified to family, arthropods were generally categorized as being agricultural 
pests, beneficials, or neither (Appendix A). The beneficial categorization included natural 
enemies like predators and parasitoids, as well as pollinators. Mean insects per treatment were 
calculated and analyzed for differences using SAS® 9.4 (SAS Institute Inc., Cary, NC) one-way 
ANOVA by PROC GLIMMIX and means separation by least squares. 
 
Results 
Hope 2018 
When Hope 2018 pre-cover crop termination beneficial insect counts were averaged 
across all treatments, the family with the highest mean count was Coccinellidae, ladybird beetles 
(mean = 12.19 + 2.73), followed by Braconidae, parasitoid wasps (mean = 2.91 + 0.60) (Table 
3). After cover crop termination, Coccinellidae (mean = 2.12 + 4.2) still had the highest mean of 
all the beneficial insect families followed by Braconidae (mean = 1.59 + 0.17) (Table 3). Before 
cover crop termination, the highest pest family mean counts were Aphididae, aphids (mean = 
85.89 + 23.15), Lygaeidae, seed bugs (mean = 11.77 + 4.93), and Cicadellidae, leaf hoppers 
(mean = 6.37 + 1.02) (Table 3). After cover crop termination, Aphididae maintained the highest 
mean across treatments (mean =19.87 + 3.67), followed by Cicadellidae (mean = 2.82 + 0.53) 
and Miridae, plant bugs (mean = 2.60 + 0.37) (Table 3).   
Analysis of variance of the mean beneficial insect counts prior to cover crop termination 
revealed that the mustard treatment (beneficial mean = 58.20; P < 0.0001) and the mustard mix 
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(beneficial mean = 51.80; P < 0.0001) had significantly greater beneficial insects than all other 
treatments including the control (beneficial mean = 9.60; P < 0.0001) (Figure 1).  Cereal rye 
(beneficial mean = 1.80; P = 0.0842), winter wheat (beneficial mean = 3.40; P < 0.0001), and 
cereal rye with Austrian pea (beneficial mean = 4.40; P < 0.0001) had significantly less 
beneficial insects than the control (beneficial mean = 9.60; P < 0.0001) (Figure 1). After cover 
crop termination, beneficial insects were still present in the treatments and the crimson clover 
beneficial insects (beneficial mean = 7.00; P < 0.0001) were numerically greater than other 
treatments (Table 4).   
Prior to cover crop termination, the mustard treatment (pest mean = 268.40; P < 0.0001) 
and mustard mix (pest mean = 277.20; P < 0.0001 ) also had greater numbers of general pests 
compared to all other treatments and the control (pest mean = 89.60; P < 0.0001 ), but these 
were not major watermelon pests (Figure 2a). Based on field observations, the mustard cover 
crop was a host to large amounts of aphids that attracted lady beetles. The cereal rye (pest mean 
= 5.60; P < 0.0001), winter wheat (pest mean = 3.80; P < 0.0001), and black oats (pest mean = 
7.60; P < 0.0001) had significantly less pests than the control (pest mean = 89.60; P < 0.0001), 
(Figure 2a). There were also significantly fewer pests in Austrian pea with cereal rye (pest mean 
= 16.00; P < 0.0001), crimson clover (pest mean = 40.00; P < 0.0001), and crimson clover with 
black oats (pest mean = 16.20; P < 0.0001) when compared to the control (Figure 2a). The 
control plots contained broadleaf weeds that also supported aphid populations. Following cover 
crop termination, the black oats/Austrian pea mixture (pest mean = 72.60; P < 0.0001) and 
Austrian pea (pest mean = 58.80; P < 0.0001) had the greatest pest means when compared to 
other treatments and the control (pest mean = 16.60; P < 0.0001) (Figure 2b). Also, cereal rye 
(pest mean = 2.80; P = 0.0003) and black oats (pest mean = 10.4; P < 0.0001) still had 
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significantly fewer pests than the control (Figure 2b). Major watermelon pests including the 
spotted cucumber beetle and squash bug were found in the cover crops, however, they were not 
common (Table 3). 
When mean counts of pest and beneficial insects found in the watermelon were averaged 
across all sampling dates from watermelon transplant until harvest, analysis of variance showed 
the mustard treatment to have numerically greater beneficials (beneficial mean = 1.38; P = 
0.0186) than other treatments and was significantly greater than black oats/clover (beneficial 
mean = 0.85; P = 0.3438) (Figure 3a). There was no significant difference when compared to the 
control (mean = 0.93; P = 0.6356) (Figure 3a). Pest insects in the watermelon were found to be 
greater than the control (pest mean = 1.98; P < 0.0001) in several treatments and greatest in the 
mustard (pest mean = 4.98; P < 0.0001) and the cereal rye/pea (pest mean = 4.33; P < 0.0001) 
(Figure 3b). Major watermelon pests were not frequently encountered during watermelon insect 
sampling (Table 5). 
Hope 2019 
In Hope 2019, before cover crop termination, Braconidae (mean = 3.44 + 0.71) and 
Coccinellidae (mean = 3.09 + 0.52) were the beneficial families with the greatest means across 
treatments (Table 6). Aphididae had the highest mean of all the pest families (mean = 18.05 + 
4.63) (Table 6). After termination, Syrphidae, hoverflies had the greatest beneficial mean (mean 
= 2.00 + 0.23) while Miridae, plant bugs had the greatest pest mean (mean = 2.15 + 0.30) (Table 
6). Aphids and lady beetles were still present after termination but not as common (Table 6). 
Most of the mustard in Hope 2019 had been winter-killed and was not alive at the time of cover 
crop sampling. 
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Before cover crop termination, the black oats (beneficial mean = 7.20; P < 0.0001) and 
treatments containing mustard (mustard beneficial mean = 8.20, P < 0.0001 ; mustard mix 
beneficial mean = 13.80, P < 0.0001) and clover (clover beneficial mean = 10.00, P < 0.0001; 
clover/oats beneficial mean = 13.80, P < 0.0001) had significantly greater mean beneficials than 
the control (beneficial mean = 3.20; P < 0.0001) and other treatments (Figure 4a). After 
termination, beneficial insects were still present in all treatments; the control (mean beneficials = 
4.4; P < 0.0001) and the black oats (beneficial mean = 4.4; P < 0.0001) treatments had greater 
beneficials than Austrian pea (beneficial mean = 1.80; P = 0.0842), Austrian pea/black oats 
(beneficial mean = 1.80; P = 0.0842), and the cereal rye/Austrian pea (beneficial mean = 1.40; P 
= 0.3778) (Figure 4b).  
Prior to termination, the mustard had the greatest pests compared to all other treatments 
(pest mean = 82.6; P < 0.0001) and the control (pest mean = 36.00; P < 0.0001) (Figure 5). 
Also, the control (pest mean = 36.00; P < 0.0001) and the mustard mix (pest mean = 29.60; P < 
0.0001) had the second greatest pests than the other treatments excluding the mustard (Figure 5). 
The grasses (black oats pest mean = 14.80, P < 0.0001; cereal rye pest mean = 15.00, P < 
0.0001; winter wheat pest mean = 6.20; P < 0.0001) had significantly fewer pests than the 
control (Figure 5). Following termination, pests drastically decreased in number, and the winter 
wheat (pest mean = 4.60; P < 0.0001) and control (pest mean = 4.80; P < 0.0001) had 
numerically greater pests than the other treatments (Table 7).  
Due to flooding on one side of the field, data from one of the five replications of the 
treatments was excluded from the analysis of watermelon insects. The mean beneficial insects 
sampled in the watermelon averaged across seven sampling dates from transplant until harvest 
did not vary significantly by treatment and data was not included. The pests in the watermelon 
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were significantly greater in the black oats (pest mean = 4.12; P < 0.0001) compared to the 
control (pest mean = 1.29; P = 0.1326) and other treatments (Figure 6). One of the primary pests 
found in the black oats was the rice stink bug, Oebalus pugnax (Fabricius 1775) (Family: 
Pentatomidae). The most common pest in the watermelon was leafhoppers of the family 
Cicadellidae. Major watermelon pests were found more frequently in Hope 2019 than in Hope 
2018 (Table 5) but were still under threshold levels that would threaten yield. Melon aphids were 
found on a few plants during two of the sampling dates, however following these dates, all 
aphids appeared to be mummified. 
Kibler 2018 
 Before cover crop termination in Kibler 2018, Coccinellids had the greatest beneficial 
mean across treatments (mean = 5.93 + 1.15) (Table 8). Aphids had the greatest pest mean across 
treatments (mean = 253.30 + 41.25) (Table 8). After cover crops were terminated and 
watermelon cultivar ‘Jubilee’ was transplanted, parasitoid wasps were the most common 
beneficial insects and Lygaeid seed bugs and aphids were the most common pests (Table 8). Due 
to an outbreak of Pythium causing most of the cv ‘Jubilee’ seedlings to damp off, the field was 
replanted with watermelon cultivar ‘790’. When it was replanted, the greatest beneficial mean 
across treatments was Dolichopodidae, the long-legged flies (mean = 2.90 + 2.31) and the 
greatest pest mean was Lygaeidae, the seed bugs (mean = 2.14 + 30) (Table 8). The spotted 
cucumber beetle was the only major watermelon pest present in the cover crops and consistently 
had a low average across the field compared to other pests (Table 8). 
 Before cover crop termination, analysis of variance revealed the crimson clover 
(beneficial mean = 32.00; P < 0.0001) and crimson clover/black oats (beneficial mean = 33.00; 
P < 0.0001) to have significantly greater beneficial insects compared to other treatments and the 
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control (beneficial mean = 13.6; P < 0.0001) (Figure 7). This does not hold true after cover crop 
termination; however, there were significantly greater beneficials in some of the grasses and pea 
treatments compared to the control (beneficial mean = 0.80; P = 0.6574) (Table 9). Following 
the replant with cultivar ‘790’, the some of the grasses and mixtures have significantly greater 
beneficials compared to the control (beneficial mean = 0.45; P = 1.000) (Table 9).  
Before cover crop termination, the control with no cover crops (pest mean = 588.60; P < 
0.0001) and the black oats/Austrian pea (pest mean = 614.80; P < 0.0001) had significantly 
greater pests than the other treatments (Figure 8). The grasses also had significantly fewer pests 
than the control (black oats pest mean = 76.00, P < 0.0001; cereal rye pest mean = 21.80, P < 
0.0001; winter wheat pest mean = 20.2, P < 0.0001) (Figure 8). After termination, pest insects 
were much lower in number with the pests in the treatments containing mustard (mustard pest 
mean = 39.20, P < 0.0001; mustard mix pest mean = 39.60, P < 0.0001) and clover (clover pest 
mean = 15.65, P < 0.0001; clover/black oats pest mean = 10.34, P < 0.0001) significantly 
greater than the control (pest mean = 23.000; P < 0.0001 ) (Table 10). When the field was 
replanted with cv ‘790’, the most pests were found in the cereal rye (pest mean = 5.20; P < 
0.0001), which also had significantly greater pests than the control (pest mean = 1.00; P =1.000) 
(Table 10). The spotted cucumber beetle was the only major watermelon pest to be found in the 
cover crops and was uncommon and not found at the time the field was replanted (Table 8). 
 There was no marketable yield from Kibler 2018. The field was overcome with weeds 
which made scouting for insects a challenge and attracted rice stink bugs and short-horned 
grasshoppers (Orthoptera: Acrididae). Based on data averaged across eight sampling dates, 
winter wheat/Austrian pea (beneficial mean = 2.00; P < 0.0001) supported greater beneficial 
insects than the control (beneficial mean = 1.23; P = 0.1561) (Figure 9a). The pest insects were 
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significantly greater in the Austrian pea (pest mean = 6.05; P < 0.0001) compared to other 
treatments and the control (pest mean = 1.83; P < 0.0001) (Figure 9b).  Rice stink bugs and 
short-horned grasshoppers were the most prevalent pests throughout the field; major watermelon 
pests were uncommon (Table 11).  
Kibler 2019 
 In Kibler 2019, the beneficial insect family with the greatest mean across all treatments 
was the Coccinellids, ladybeetles (mean = 4.44 + 0.78) before cover crop termination and the 
Staphylinids, rove beetles (mean = 10.00 + 9.00) after termination (Table 12). The greatest pest 
mean before termination was Aphididae (mean =39.86 + 12.37) (Table 12). Following 
termination, the most common pest was across the field was Lepidopteran larvae (mean = 2.31 + 
0.35) (Table 12). Spotted cucumber beetles were the only major watermelon pest present in the 
cover crops and was found in low numbers, especially after termination (Table 12). 
 Before cover crop termination, the treatments containing crimson clover (clover 
beneficial mean = 16.2, P < 0.0001; black oats/clover beneficial mean = 22.6, P < 0.0001) and 
mustard (mustard beneficial mean = 8.80, P < 0.0001; mustard mix beneficial mean = 5.80, P < 
0.0001) had significantly greater beneficials than the control (beneficial mean = 4.60; P < 
0.0001) and most other treatments crimson clover (Figure 10a). Post-termination, the winter 
wheat (beneficial mean = 20.60; P < 0.0001) had significantly greater beneficial insects than the 
control (beneficial mean = 8.80; P < 0.0001) and all other treatments except black oats with 
clover (beneficial mean = 18.60; P < 0.0001) (10b). 
Prior to cover crop termination, the mustard (mustard pest mean = 246.20, P < 0.0001; 
mustard mix pest mean = 112.60, P < 0.0001) and clover (clover pest mean = 29.80, P < 0.0001; 
black oats/clover pest mean = 32.00, P < 0.0001) treatments had significantly greater pests than 
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the control (pest mean = 22.60; P < 0.0001), while treatments with grasses had significantly 
fewer pests than the control (Figure 11). Pests after termination were low but significantly 
greater in the clover treatments (clover pest mean = 9.00, P < 0.0001; black oats/clover pest 
mean = 10.60, P < 0.0001) than in the control (pest mean = 4.40; P < 0.0001) (Table 13). 
In the watermelon, there was no significant difference between the numbers of beneficial 
insects found in the cover crop treatments across 8 sampling dates from transplant to harvest and 
data was not included. There were very low numbers of pests in the watermelon, but there were 
significantly greater pests in the crimson clover/black oats treatment (pest mean = 1.45; P 
=0.0049) and in the cereal rye treatment (pest mean = 1.13; P = 0.4299) compared to the control 
treatment (pest mean = 0.70; P = 0.0597) (Figure 12). Greater striped cucumber beetles were 
found in the watermelon during Kibler 2019 than in Kibler 2018 (Table 11). Insecticide was 
applied in Kibler 2019 to ensure striped cucumber beetle populations did not surpass the 
threshold of five beetles per plant. 
 
Discussion 
Hope 
In Hope 2018, the mustard treatment and mustard mixture supported the highest numbers 
of beneficial insects as well as the highest numbers of pests. The primary pests both before and 
after cover crop termination was aphids (Family Aphididae). The most common beneficial 
insects were lady beetles (Family Coccinellidae) and parasitoid wasps (Family Braconidae). 
Lady beetles are a good predator of aphids while Braconids parasitize aphids to lay their eggs. It 
makes sense that the mustard supported high numbers of beneficial insects like the aphid 
predators and parasitoids as it also supported high numbers of aphids. However, it is not likely 
that these aphids were a species known to colonize watermelon and they were not found during 
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watermelon insect sampling. Another interesting result to note is that some grass treatments had 
significantly fewer pests than the control. It is possible that the broadleaf weeds in the control 
supported more pests than the grasses. After termination, the pests supported by the Austrian pea 
and black oats/Austrian pea mixture were likely pea aphids, Acyrthosiphon pisum (Harris 1776), 
which were also present on the legume cover crops throughout the field before cover crop 
termination but not found in the watermelon.  
After cover crop termination, the drastic reduction in insects was not expected. Hope 
cover crops were terminated by strip-tilling, which means cover crops were left standing on 
either side of the watermelon beds. Unlike Tillman et al. (2004), these data did not show 
definitive evidence of an effect where the cover crops left standing became refuge for the 
beneficial insects after cover crop termination. However, even in low numbers, the beneficial 
insects were still present at the time of transplant indicating potential that they could be bridged 
into the watermelon. Although not statistically significant, the numerically greatest number of 
beneficial insects in the watermelon plants seemed to be in the mustard treatment. Aphids, which 
could be pests in many crops but in this case were not a watermelon-specific species, were 
significantly greater in the mustard as well. It is possible that a bridging effect did occur, but 
needs to be investigated further. 
A bridging effect in the mustard could not be further investigated in Hope 2019 because 
most of the mustard had been winter-killed. Once again before cover crop termination, lady 
beetles and parasitoid wasps were the most common beneficial insects while aphids were the 
most common pest species but these were not watermelon specific pests. They were still present 
after termination but not as common since most of their cover crop habitat had been strip-tilled. 
Despite most of the mustard being winter-killed, it still supported more beneficial insects than 
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other treatments as well as populations of aphids. The treatments containing clover also 
supported greater beneficials compared to the control. During the sampling, clover and mustard 
was in bloom. It is possible that the beneficial insects prefer flowering cover crops. Plants that 
produce nectar and pollen are known to be more attractive to insects for the food resources they 
provide, in turn, predatory insects may be attracted to prey that feeds on the nectar and pollen 
resources (Long et al., 1998). Moreover, pests were once again lower in the grass treatments than 
in the control, suggesting that the weeds in the control supported more pests. 
There was no difference between treatments in beneficial insects in the watermelon in 
Hope 2019. With the mustard winter-killed and eliminating a replication due to flooding, data 
from this location is less reliable than the previous year. The pests were greatest in black oats 
compared to other treatments which may have been due to rice stink bugs. The rice stink bugs 
were present throughout the field on grass cover crops left standing and on weeds, although they 
are not a serious threat to watermelon. Very few major watermelon pests were found in the cover 
crops in both years. Cucumber beetles were found more frequently in 2019 than 2018 which may 
have been because their population built up preceding year, but there was not enough to warrant 
treatment or cause economic damage to the watermelons. Melon aphids were present during two 
sampling dates in 2018. Following these dates, the melon aphids had been mummified by 
parasitoid wasps before they became an issue. Because the melon aphids were not present 
consistently, it is difficult to say whether they were controlled by beneficial insects that had been 
supported by the cover crops but it is positive that their populations never reached threshold 
requiring treatment. 
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Kibler 
 Like in Hope 2018, the cover crops in Kibler 2018 supported aphid populations as well as 
their natural enemies, including lady beetles and parasitoid wasps. Before termination, the 
treatments containing crimson clover supported the greatest beneficial insects. Pea aphids were 
common in the Austrian pea and crimson clover, however, the lady beetles in the field seemed to 
favor the crimson clover, although it was not in bloom. The only cover crop to flower before 
termination was the mustard.  Moreover, the control supported greater pests before termination, 
likely because of the weeds present. It is important to note that Kibler 2018 cover crop 
termination was no-till, which means there were not standing cover crops left to provide habitat. 
Yet, after termination when the field was replanted, pest and beneficial insects were still found in 
the field. It is possible that the cover crops left on the soil surface still served as refuge for the 
insects. 
Because the weeds in the field became so dense that the watermelon vines were barely 
visible as the growing season progressed, it was difficult to discern what insects were actually on 
the watermelon foliage. The primary pests were rice stink bugs and short-horned grasshoppers 
which are not known to be serious pests of cucurbits. Despite the weeds, major cucurbit pests 
were fairly uncommon. Squash bug eggs became more frequent later in the growing season, 
which was to be expected, but relatively few adults and nymphs were seen (Keinath, 
Wintermantel, & Zitter, 2017). 
During Kibler 2019, the legume and mustard cover crops bloomed before termination and 
supported large populations of aphids. As such, lady beetles were also common in the field. 
Before cover crop termination, the treatments with crimson clover had the greatest beneficial 
insects and seemed to be favored by the lady beetles. Meanwhile, the mustard supported the 
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greatest pests which were primarily aphids. The aphids present on the mustard were a different 
species than the pea aphids present in the crimson clover and Austrian pea. Perhaps the lady 
beetles had a preference for the pea aphids over the aphid species present on the mustard. 
Additionally, the grasses supported fewer pests than the control. The broadleaf weeds in the 
control were found to host aphids, which explains this finding. Following cover crop termination, 
winter wheat supported the greatest number of beneficials. The winter wheat accumulated a lot 
of biomass in this year and may have provided better habitat, but this speculation would have to 
be supported by further research. 
Beneficial insects in the watermelon did not vary by cover crop treatment, which may 
indicate that the cover crops did not have a long-standing bridging effect for the beneficial 
insects. Greater numbers of striped cucumber beetles were present throughout the field during 
this growing season than in 2018 but because they were not present in the cover crops, the cover 
crops did not serve as an alternate host. It is possible the striped cucumber beetle populations 
built up in 2018, where they overwintered and emerged for the watermelon season (Keinath, 
Wintermantel, & Zitter, 2017; Spradley & Andersen, 2003). 
 
Conclusions 
 The major finding of this study is that the cover crops investigated did not serve as 
alternate hosts to the major pests of watermelon including cucumber beetles, squash bugs, and 
melon aphids. The results of the Hope 2018 trial support that mustard was an ideal cover crop to 
increase beneficial insects because it attracted aphids that served as a food source for lady beetles 
and parasitoid wasps. In 2019, most of the mustard was winter-killed and the results were 
inconsistent with the previous year. Based on generalizations, it seems that flowering cover crops 
are better for providing resources to beneficial insects. It was more common that treatments 
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containing mustard or one of the legumes had greater beneficials. The lady beetles especially 
seemed to be attracted to the crimson clover, as exemplified in Kibler. The grasses tended to 
support fewer insects in general, but this also meant there were often fewer pests compared to the 
control. If general pests are an issue, it may be better to plant a grass cover crop that supports 
fewer insects. 
This study also sought to investigate the effects of strip-tilled cover crops, no-till, and 
whether insects were bridged into the watermelon. The strip-tilled cover crops at Hope should 
have increased beneficial insects in the watermelon in theory; however, there was never much 
pest pressure in the watermelon. The watermelon in the control treatments with no cover crops 
had no major pest outbreaks that threatened yield, which indicates pest pressure was low 
throughout the field. The lack of pests may have meant that the predators did not have a 
sufficient food source after the cover crops were terminated. In a different system where pest 
pressure is greater, perhaps there would be different results. Because the strip-tilled system and 
the no-till system were at different study sites, comparisons cannot be made between the two. 
Although, there were similar trends in the results from the two sites. It would be interesting to 
compare strip-till and no-till at the same location in order to determine the impact of the cover 
crop termination method on cover crop insects. 
As far as a green bridge, both pest and beneficial insects were present before and after 
cover crop termination. It seems that a green bridge effect was possible. However, without 
greater pest pressure in the watermelon to support natural enemy populations, there is no way to 
tell how this green bridge may have benefitted IPM. Further study is necessary to determine if 
cover crops bridge beneficials into watermelon that help reduce pests and benefit yield. Cover 
crops have the potential to impact insect populations in a production system, but this impact must 
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be further explored. However, a flowering cover crop that is not an alternate host to the cash crop 
is likely to be the best bet for attracting beneficial insects. 
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Tables and Figures 
Table 1. Hope, AR and Kibler, AR cover crop treatments, seeding rates, and approximate 
planting depths.  
Treatment 
Broadcast 
Seeding Rates 
(kg/ha) 
Seed per Plot 
(g) 
Planting 
Depth (cm) 
Black Oats 
(Avena strigosa Schreb) 
112.09 362.87 1.91 
Cereal Rye 
(Secale cereale L.) 
112.09 362.87 1.91 
Winter Wheat 
(Triticum aestivum L.) 
100.88 326.58 1.91 
Austrian Pea 
(Pisum sativum subsp. Arvense L.) 
56.04 181.44 2.54 
Black Oats + Austrian Pea 56.04; 39.23 
181.43; 
127.00 
1.91; 2.54 
Cereal Rye + Austrian Pea 56.04; 39.23 
181.43; 
127.00 
1.91; 2.54 
Winter Wheat + Austrian Pea 50.44; 39.23 
181.43; 
127.00 
1.91; 2.54 
Crimson Clover 
(Trifolium incarnatum L.) 
130.45 43.54 1.27 
Black Oats + Crimson Clover 56.04; 8.97 181.44; 29.02 1.91; 1.27 
Mustard (Sinapis alba L.) 5.60 18.14 0.64 
Black Oats + Austrian Pea + 
Mustard 
39.23; 28.02; 
3.36 
127.00; 90.7; 
10.89 
1.91; 2.54; 
0.64 
Control (no cover crops) n/a n/a n/a 
*Each plot is 33.45 square meters or 0.0032 hectare. Seeding rates for cover crop mixtures were 
adjusted based on standard recommendations for mixtures (Clark, 2007). Hope 2018 cover crops 
were seeded on 10/11/2017 and Hope 2019 cover crops were seeded on 9/13/2018. Kibler 2018 
cover crops were seeded on 10/6/2017 and Kibler 2019 cover crops were seeded on 9/11/2018. 
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Table 2. Pesticides and application rates. 
Pesticide 
Active 
Ingredient 
Rate 
Application 
Method 
Application 
Schedule 
Ridomil Gold® SL 
Fungicide 
Mefenoxam 1.4-2.8 L/ha Drip irrigation 
At plant; 25-30 
days after plant 
Bravo® C/M 
Fungicide/Bactericide 
Chlorothalonil 
and Copper 
Oxychloride 
9 kg/ha Foliar spray Every 14 days 
Bravo Weather Stik® 
Fungicide 
Chlorothalonil 2.1-2.8 L/ha Foliar spray Every 14 days 
Kocide®3000 
Fungicide/Bactericide 
Copper 
Hydroxide 
0.7-1.7 L/ha Foliar spray Every 14 days 
Sevin® XLR Plus 
Insecticide 
Carbaryl 2.3 L/ha Foliar spray 
If cucumber 
beetle threshold 
is met 
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Table 3. Hope, AR 2018 beneficial and pest arthropods collected in the cover crops before and 
after cover crop termination averaged by family across all treatments. 
Date Category Family Common Name N Mean Std Error 
3/29/2018 
(Before Cover 
Crop Termination) 
Beneficial Coccinellidae Lady Beetles 48 12.19 2.73 
 Braconidae Braconid Wasps 33 2.91 0.60 
 Syrphidae Hoverflies 10 2.80 0.65 
 Pteromalidae Pteromalid Wasps 19 2.63 0.72 
 Apidae Honey Bees 6 2.33 0.49 
  Dolichopodidae Long-Legged Flies 25 1.76 0.17 
  Tetragnathidae Long-Jawed Orb Weavers 24 1.54 0.18 
  Oxyopidae Lynx Spiders 13 1.31 0.17 
  Ichneumonidae Ichneumon Wasps 19 1.26 0.10 
  Chrysopidae Green Lacewings 8 1.25 0.25 
  Halictidae Sweat Bees 4 1.25 0.25 
  Geocoridae Big-Eyed Bugs 6 1.17 0.17 
  Linyphiidae 
Sheetweb and Dwarf 
Spiders 
6 1.17 0.17 
  Philodromidae Running Crab Spiders 6 1.17 0.17 
  Andrenidae Mining Bees 1 1.00 . 
  Araneidae Orb Weavers 2 1.00 0.00 
  Cantharidae Soldier Beetles 2 1.00 0.00 
  Eulophidae Eulophid Wasps 1 1.00 . 
  Eurytomidae Eurytomid Wasps 1 1.00 . 
  Figitidae Figitid Wasps 2 1.00 0.00 
  Hemerobiidae Brown Lacewings 3 1.00 0.00 
  Lycosidae Wolf Spiders 2 1.00 0.00 
  Nabidae Damsel Bugs 2 1.00 0.00 
  Reduviidae Assassin Bugs 2 1.00 0.00 
  Salticidae Jumping Spiders 1 1.00 . 
  Tachinidae Tachinid Flies 6 1.00 0.00 
  Thomisidae Crab Spiders 2 1.00 0.00 
  Torymidae Torymid Wasps 1 1.00 . 
  Vespidae Yellow Jackets 1 1.00 . 
 Pest Aphididae Aphids 46 85.89 23.15 
  Lygaeidae Seed Bugs 35 11.77 4.93 
  Cicadellidae Leafhoppers 46 6.37 1.02 
  Miridae Plant Bugs 40 3.95 0.76 
  Unknown Lepidoptera Larvae 14 2.14 0.29 
  Thyreocoridae Ebony Bugs 8 2.13 0.67 
  Nitidulidae Sap-Feeding Beetles 1 2.00 . 
  Tipulidae Crane Flies 1 2.00 . 
  Cercopidae Froghoppers 20 1.90 0.31 
  Curculionidae Weevils 11 1.18 0.12 
  Acrididae Short-Horned Grasshoppers 2 1.00 0.00 
  Agromyzidae Leaf Miner Flies 1 1.00 . 
  Attevidae Tropical Ermine Moths 1 1.00 . 
  Blissidae Chinch Bugs 1 1.00 . 
  Chrysomelidae Leaf Beetles 9 1.00 0.00 
  Chrysomelidae Spotted Cucumber Beetles 5 1.00 0.00 
  Membracidae Treehoppers 2 1.00 0.00 
  Pentatomidae Stink Bugs 3 1.00 0.00  
 Psyllidae Jumping Plant Lice 4 1.00 0.00  
 Pyralidae Snout Moths 1 1.00 . 
4/30/2018  
(After Cover Crop 
Termination) 
Beneficial Coccinellidae Lady Beetles 17 2.12 0.42 
 Braconidae Braconid Wasps 32 1.59 0.17 
 Dolichopodidae Long-Legged Flies 31 1.52 0.13 
 Pteromalidae Pteromalid Wasps 5 1.20 0.20 
 Syrphidae Hoverflies 6 1.17 0.17 
 Araneidae Orb Weavers 13 1.15 0.10 
  Andrenidae Mining Bees 2 1.00 0.00 
  Cantharidae Soldier Beetles 1 1.00 . 
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Table 3. Hope, AR 2018 beneficial and pest arthropods collected in the cover crops before and 
after cover crop termination averaged by family across all treatments. (Continued) 
Date Category Family Common Name N Mean Std Error 
4/30/2018 
(After Cover Crop 
Termination) 
Beneficial Chrysopidae Green Lacewings 6 1.00 0.00 
 Dictynidae Mesh Web Weavers 1 1.00 . 
 Eulophidae Eulophid Wasps 1 1.00 . 
 Eurytomidae Eurytomid Wasps 2 1.00 0.00 
  Figitidae Figitid Wasps 1 1.00 . 
  Geocoridae Big-Eyed Bugs 1 1.00 . 
  Halictidae Sweat Bees 3 1.00 0.00 
  Hemerobiidae Brown Lacewings 1 1.00 . 
  Ichneumonidae Ichneumon Wasps 7 1.00 0.00 
  Linyphiidae 
Sheetweb and Dwarf 
Spiders 
8 1.00 0.00 
  Nabidae Damsel Bugs 4 1.00 0.00 
  Oxyopidae Lynx Spiders 6 1.00 0.00 
  Pompilidae Spider Wasps 1 1.00 . 
  Salticidae Jumping Spiders 3 1.00 0.00 
  Staphylinidae Rove Beetles 1 1.00 . 
  Tetragnathidae Long-Jawed Orb Weavers 7 1.00 0.00 
  Thomisidae Crab Spiders 2 1.00 0.00 
  Unknown Neuroptera Larvae 1 1.00 . 
 Pest Aphididae Aphids 53 19.87 3.67 
  Cicadellidae Leafhoppers 34 2.82 0.53 
  Miridae Plant Bugs 50 2.60 0.37 
  Lygaeidae Seed Bugs 34 2.09 0.25 
  Pentatomidae Stink Bugs 24 1.96 0.49 
  Cercopidae Froghoppers 6 1.33 0.21 
  Chrysomelidae Leaf Beetles 6 1.33 0.21 
  Agromyzidae Leaf Miner Flies 7 1.29 0.29 
  Chrysomelidae Spotted Cucumber Beetles 1 1.00 . 
  Coreidae Leaf-Footed Bugs 1 1.00 . 
  Coreidae Squash Bugs 1 1.00 . 
  Curculionidae Weevils 1 1.00 . 
  Mordellidae Tumbling Flower Beetles 2 1.00 0.00 
  Unknown Lepidoptera Larvae 4 1.00 0.00 
*3/29/2018 data was collected prior to cover crop termination. 4/30/2018 data was collected after 
cover crop termination at watermelon transplant. 
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Figure 1. Hope, AR 2018 mean beneficial insect counts in the cover crops before cover crop 
termination by cover crop treatment. Insects were sampled from cover crops on 3/29/2018.  
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Table 4. Hope, AR 2018 ANOVA of mean beneficial insects in the cover crops after cover crop 
termination. Insects were sampled at watermelon transplant on 4/30/2018. 
Cover Crop Treatment 
Mean 
Beneficial 
Insects 
+ 
Standard 
Error 
N P-Value 
Black Oats 2.60 cde 0.51 5 0.0012 
Cereal Rye 2.00 de 0.84 5 0.0333 
Winter Wheat 4.60 abc 1.29 5 <0.0001 
Austrian Pea 2.80 cde 0.86 5 0.0003 
Black Oats + Austrian Pea 4.40 abc 0.87 5 <0.0001 
Cereal Rye + Austrian Pea 1.40 e 0.40 5 0.3778 
Winter Wheat + Austrian Pea 3.00 cde 1.00 5 <0.0001 
Crimson Clover 7.00 a 1.52 5 <0.0001 
Black Oats + Crimson Clover 5.80 ab 2.01 5 <0.0001 
Black Oats+ Austrian Pea + Mustard 2.80 cde 0.58 5 0.0003 
Mustard 4.00 abcd 0.55 5 <0.0001 
Control (no cover crops) 3.80 bcd 1.66 5 <0.0001 
*F = 3.22; P = 0.0024; Means sharing a letter are not statistically different at α = 0.05 according 
means separation by least squares. 
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Figure 2 (a-b). Hope, AR 2018 mean pest insects in the cover crops before and after cover crop 
termination by cover crop treatment. [a] mean pest counts before cover crop termination on 
3/29/2018. [b] mean pest counts after cover crop termination at watermelon transplant on 
4/30/2018. 
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Figure 3 (a-b). Hope, AR 2018 beneficial and pest insects observed in the watermelon by cover 
crop treatment across 8 sampling dates between transplant and harvest (5/17/18 to 7/3/18). [a] 
mean beneficial insect counts in the watermelon by treatment. [b] mean pest counts in the 
watermelon by treatment. 
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Table 5. Totals of major watermelon pests observed in Hope, AR watermelon across all sampling 
dates by year. 
Location/Year 
Spotted 
Cucumber 
Beetles 
Striped 
Cucumber 
Beetles 
Squash Bugsz 
Melon 
Aphids 
Hope 2018 75y - 12 0 
Hope 2019 22 9 30 120 
zSquash bug counts included adults and nymphs. 
yHope 2018 spotted and striped cucumber beetles were grouped together when counted. 
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Table 6. Hope, AR 2019 beneficial and pest arthropods collected in the cover crops before and 
after cover crop termination averaged by family across all treatments. 
Date Category Family Common Name N  Mean 
Std 
Error 
4/5/2019 
(Before Cover 
Crop Termination) 
Beneficial Braconidae Braconid Wasps 27 3.44 0.71 
 Coccinellidae Lady Beetles 34 3.09 0.52 
 Chrysopidae Green Lacewings 5 2.60 0.68 
 Staphylinidae Rove Beetles 1 2.00 . 
 Tetragnathidae Long-Jawed Orb Weavers 18 1.78 0.26 
 Dolichopodidae Long-Legged Flies 13 1.69 0.50 
  Anthocoridae Minute Pirate Bugs 2 1.50 0.50 
  Oxyopidae Lynx Spiders 2 1.50 0.50 
  Ichneumonidae Ichneumon Wasps 7 1.43 0.20 
  Halictidae Sweat Bees 3 1.33 0.33 
  Syrphidae Hoverflies 14 1.07 0.07 
  Apidae Honey Bees 2 1.00 0.00 
  Araneidae Orb Weavers 5 1.00 0.00 
  Bethylidae Bethylid Wasps 1 1.00 . 
  Carabidae Ground Beetles 1 1.00 . 
  Figitidae Figitid Wasps 2 1.00 0.00 
  Linyphiidae Sheetweb and Dwarf Spiders 10 1.00 0.00 
  Lycosidae Wolf Spiders 3 1.00 0.00 
  Pteromalidae Pteromalid Wasps 2 1.00 0.00 
  Salticidae Jumping Spiders 2 1.00 0.00 
  Thomisidae Crab Spiders 4 1.00 0.00 
 Pest Aphididae Aphids 48 18.04 4.63 
  Cicadellidae Leafhoppers 35 3.49 0.63 
  Miridae Plant Bugs 13 3.23 0.97 
  Unknown Lepidoptera Larvae 15 2.47 0.32 
  Cercopidae Froghoppers 13 2.08 0.40 
  Delphacidae Delphacid Planthoppers 2 2.00 0.00 
  Cecidomyiidae Gall Midges 2 1.50 0.50 
  Curculionidae Weevils 9 1.44 0.34 
  Membracidae Treehoppers 7 1.43 0.20 
  Nitidulidae Sap-Feeding Beetles 10 1.40 0.22 
  Chrysomelidae Spotted Cucumber Beetle 6 1.33 0.33 
  Pyralidae Snout Moths 4 1.25 0.25 
  Chrysomelidae Leaf Beetles 9 1.22 0.22 
  Pentatomidae Stink Bugs 6 1.17 0.17 
  Agromyzidae Leaf Miner Flies 1 1.00 . 
  Lygaeidae Seed Bugs 1 1.00 . 
  Psyllidae Jumping Plant Lice 2 1.00 0.00 
  Thripidae Thrips 1 1.00 . 
4/24/2019 
(After Cover Crop 
Termination) 
Beneficial Syrphidae Hoverflies 35 2.00 0.23 
 Geocoridae Big-Eyed Bugs 2 1.50 0.50 
 Dolichopodidae Long-Legged Flies 25 1.48 0.14 
 Braconidae Braconid Wasps 3 1.33 0.33 
 Anthocoridae Minute Pirate Bugs 7 1.29 0.18 
 Cantharidae Soldier Beetles 4 1.25 0.25 
 Nabidae Damsel Bugs 7 1.14 0.14 
 Coccinellidae Lady Beetles 10 1.10 0.10 
 Apidae Honey Bees 2 1.00 0.00 
  Araneidae Orb Weavers 2 1.00 0.00 
  Coenagrionidae Narrow-Winged Damselflies 1 1.00 . 
  Halictidae Sweat Bees 1 1.00 . 
  Ichneumonidae Ichneumon Wasps 1 1.00 . 
  Linyphiidae Sheetweb and Dwarf Spiders 6 1.00 0.00 
  Lycosidae Wolf Spiders 2 1.00 0.00 
  Oxyopidae Lynx Spiders 4 1.00 0.00 
  Pteromalidae Pteromalid Wasps 1 1.00 . 
  Salticidae Jumping Spiders 1 1.00 . 
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Table 6. Hope, AR 2019 beneficial and pest arthropods collected in the cover crops before and 
after cover crop termination averaged by family across all treatments. (Continued) 
Date Category Family Common Name N  Mean 
Std 
Error 
4/24/2019 
(After Cover Crop 
Termination) 
Beneficial Tetragnathidae Long-Jawed Orb Weavers    
 Thomisidae Crab Spiders 1 1.00 . 
Pest Miridae Plant Bugs 27 2.15 0.30 
 Pentatomidae Stink Bugs 3 2.00 0.58 
 Cicadellidae Leafhoppers 28 1.96 0.26 
 Aphididae Aphids 9 1.89 0.54 
  Unknown Lepidoptera Larvae 8 1.13 0.13 
  Acrididae Short-Horned Grasshoppers 1 1.00 . 
  Agromyzidae Leaf Miner Flies 2 1.00 0.00 
  Cercopidae Froghoppers 5 1.00 0.00 
  Chrysomelidae Leaf Beetles 2 1.00 0.00 
  Chrysomelidae Spotted Cucumber Beetle 1 1.00 . 
  Curculionidae Weevils 3 1.00 0.00 
  Delphacidae Delphacid Planthoppers 2 1.00 0.00 
  Mordellidae Tumbling Flower Beetles 1 1.00 . 
*4/5/2019 data was collected prior to cover crop termination. 4/24/2019 data was collected after 
cover crop termination at watermelon transplant. 
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Figure 4 (a-b). Hope, AR 2019 beneficial insects in the cover crops before and after cover crop 
termination. [a] mean beneficial insect counts in the cover crops before cover crop termination 
on 4/5/2019. [b] mean beneficial insect counts in the cover crops after cover crop termination at 
watermelon transplant on 4/24/2018. 
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Figure 5. Hope, AR 2019 mean pest insects in the cover crops before cover crop termination. 
Sample was taken in cover crops before cover crop termination on 4/5/2019.  
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Table 7. Hope, AR 2019 ANOVA of mean pest insects in the cover crops after cover crop 
termination at watermelon transplant on 4/24/2019. 
Cover Crop Treatment N 
Mean Pest 
Insects 
+ 
Standard 
Error 
P-Values 
Black Oats 5 2.60 abcd 1.44 0.0012 
Cereal Rye 5 1.80 cde 0.73 0.0842 
Winter Wheat 5 4.60 a 1.75 <0.0001 
Austrian Pea 5 2.00 bcd 0.84 0.0333 
Black Oats + Austrian Pea 5 0.40 e 0.24 0.2012 
Cereal Rye + Austrian Pea 5 1.00 de 0.45 1.000 
Winter Wheat + Austrian Pea 5 2.40 abcd 1.40 0.0039 
Crimson Clover 5 3.40 abc 0.68 <0.0001 
Black Oats + Crimson Clover 5 2.40 abcd 1.03 0.0039 
Black Oats+ Austrian Pea + Mustard 5 2.80 abcd 0.97 0.0003 
Mustard 5 4.20 ab 1.39 <0.0001 
Control (no cover crops) 5 4.80 a 0.66 <0.0001 
*F = 2.88; P = 0.0055; Means sharing a letter are not statistically different at α = 0.05 according 
means separation by least squares. 
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Figure 6. Hope, AR 2019 mean pest insects observed in the watermelon by cover crop treatment 
across 7 sampling dates between transplant and harvest (4/30/2019 to 7/11/2019).  
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Table 8. Kibler, AR 2018 beneficial and pest arthropods collected in the cover crops before and 
after cover crop termination averaged by family across all treatments. 
Date Category Family Common Name N Mean 
Std 
Error 
3/30/2018 
(Before Cover 
Crop Termination) 
Beneficial Coccinellidae Lady Beetles 45 5.93 1.15 
 Geocoridae Big-Eyed Bugs 7 3.57 0.78 
 Braconidae Braconid Wasps 46 3.17 0.38 
 Colletidae Masked Bees 2 2.50 1.50 
 Chrysopidae Green Lacewings 18 2.11 0.36 
 Apidae Honey Bees 1 2.00 . 
 Dolichopodidae Long-Legged Flies 33 2.00 0.21 
  Tetragnathidae Long-Jawed Orb Weavers 22 1.86 0.27 
  Linyphiidae Sheetweb and Dwarf Spiders 7 1.86 0.26 
  Araneidae Orb Weavers 13 1.77 0.47 
  Ichneumonidae Ichneumon Wasps 36 1.58 0.12 
  Nabidae Damsel Bugs 6 1.50 0.34 
  Andrenidae Mining Bees 5 1.40 0.40 
  Pteromalidae Pteromalid Wasps 19 1.32 0.15 
  Eurytomidae Eurytomid Wasps 4 1.25 0.25 
  Lycosidae Wolf Spiders 9 1.22 0.15 
  Oxyopidae Lynx Spiders 8 1.13 0.13 
  Cantharidae Soldier Beetles 8 1.00 0.00 
  Carabidae Ground Beetles 1 1.00 . 
  Chalcididae Chalcidid Wasps 1 1.00 . 
  Eulophidae Eulophid Wasps 1 1.00 . 
  Halictidae Sweat Bees 1 1.00 . 
  Hemerobiidae Brown Lacewings 3 1.00 0.00 
  Reduviidae Assassin Bugs 1 1.00 . 
  Salticidae Jumping Spiders 2 1.00 0.00 
  Staphylinidae Rove Beetles 3 1.00 0.00 
  Syrphidae Hoverflies 11 1.00 0.00 
  Tachinidae Tachinid Flies 2 1.00 0.00 
  Thomisidae Crab Spiders 8 1.00 0.00 
  Vespidae Yellow Jackets 1 1.00 . 
 Pest Aphididae Aphids 60 253.30 41.25 
  Unknown Lepidoptera Larvae 17 7.29 1.60 
  Lygaeidae Seed Bugs 29 3.83 0.64 
  Cicadellidae Leafhoppers 51 3.12 0.37 
  Miridae Plant Bugs 9 1.56 0.38 
  Membracidae Treehoppers 11 1.36 0.20 
  Curculionidae Weevils 17 1.35 0.19 
  Chrysomelidae Spotted Cucumber Beetles 10 1.20 0.20 
  Cydnidae Burrowing Bugs 11 1.18 0.12 
  Cercopidae Froghoppers 4 1.00 0.00 
  Chrysomelidae Leaf Beetles 1 1.00 . 
  Clastopteridae Clastopterid Spittlebug 1 1.00 . 
  Crambidae Crambid Snout Moths 1 1.00 . 
  Delphacidae Delphacid Planthoppers 4 1.00 0.00 
  Geometridae Geometrid Moths 2 1.00 0.00 
  Meloidae Blister Beetles 1 1.00 . 
  Pentatomidae Stink Bugs 2 1.00 0.00 
  Psyllidae Jumping Plant Lice 2 1.00 0.00 
  Pyralidae Snout Moths 4 1.00 0.00 
  Rhopalidae Scentless Plant Bugs 2 1.00 0.00 
  Rhyparochromidae Dirt-Colored Seed Bugs 1 1.00 . 
  Thripidae Thrips 1 1.00 . 
4/24/2018 
(After Cover Crop 
Termination) 
Beneficial Ichneumonidae Ichneumon Wasps 12 2.67 1.49 
 Geocoridae Big-Eyed Bugs 2 2.00 1.00 
 Chalcididae Chalcidid Wasps 6 1.67 0.49 
 Coccinellidae Lady Beetles 21 1.67 0.24 
 Salticidae Jumping Spiders 2 1.50 0.50 
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Table 8. Kibler, AR 2018 beneficial and pest arthropods collected in the cover crops before 
and after cover crop termination averaged by family across all treatments. (Continued) 
Date Category Family Common Name N Mean 
Std 
Error 
4/24/2018 
(After Cover Crop 
Termination) 
Beneficial Tetragnathidae Long-Jawed Orb Weavers 26 1.38 0.18 
 Oxyopidae Lynx Spiders 8 1.38 0.26 
 Araneidae Orb Weavers 3 1.33 0.33 
 Pteromalidae Pteromalid Wasps 3 1.33 0.33 
 Nabidae Damsel Bugs 4 1.25 0.25 
 Braconidae Braconid Wasps 14 1.21 0.11 
  Dolichopodidae Long-Legged Flies 20 1.15 0.11 
  Aeolothripidae Predatory Thrips 1 1.00 . 
  Carabidae Ground Beetles 1 1.00 . 
  Chaoboridae Phantom Midges 1 1.00 . 
  Halictidae Sweat Bees 1 1.00 . 
  Linyphiidae Sheetweb and Dwarf Spiders 1 1.00 . 
  Lycosidae Wolf Spiders 2 1.00 0.00 
  Syrphidae Hoverflies 2 1.00 0.00 
  Tachinidae Tachinid Flies 4 1.00 0.00 
  Thomisidae Crab Spiders 9 1.00 0.00 
 Pest Lygaeidae Seed Bugs 59 15.19 1.70 
  Aphididae Aphids 46 13.63 1.92 
  Cicadellidae Leafhoppers 50 4.12 0.38 
  Curculionidae Weevils 26 1.77 0.17 
  Miridae Plant Bugs 13 1.69 0.29 
  Unknown Lepidoptera Larvae 16 1.69 0.31 
  Pentatomidae Stink Bugs 3 1.67 0.67 
  Agromyzidae Leaf Miner Flies 5 1.60 0.40 
  Chrysomelidae Spotted Cucumber Beetles 28 1.29 0.12 
  Erebidae Erebid Moths 4 1.25 0.25 
  Chrysomelidae Leaf Beetles 3 1.00 0.00 
  Coreidae Squash Bugs 1 1.00 . 
  Cydnidae Burrowing Bugs 1 1.00 . 
  Delphacidae Delphacid Planthoppers 1 1.00 . 
  Membracidae Treehoppers 4 1.00 0.00 
  Mordellidae Tumbling Flower Beetles 1 1.00 . 
  Notodontidae Prominent Moths 1 1.00 . 
  Prodoxidae Yucca Moths 2 1.00 0.00 
  Psychidae Bagworm Moths 2 1.00 0.00 
  Psyllidae Jumping Plant Lice 1 1.00 . 
  Tortricidae Tortricid Moths 1 1.00 . 
5/9/2018 
(At Replant) 
Beneficial Dolichopodidae Long-Legged Flies 40 2.90 0.31 
 Coccinellidae Lady Beetles 12 1.50 0.26 
 Tetragnathidae Long-Jawed Orb Weavers 15 1.47 0.22 
 Nabidae Damsel Bugs 10 1.40 0.22 
  Chrysopidae Green Lacewings 9 1.33 0.24 
  Salticidae Jumping Spiders 7 1.29 0.18 
  Thomisidae Crab Spiders 10 1.20 0.13 
  Oxyopidae Lynx Spiders 6 1.17 0.17 
  Araneidae Orb Weavers 3 1.00 0.00 
  Bethylidae Bethylid Wasps 1 1.00 . 
  Carabidae Ground Beetles 1 1.00 . 
  Ceraphronidae Ceraphronid Wasps 1 1.00 . 
  Chalcididae Chalcidid Wasps 1 1.00 . 
  Eulophidae Eulophid Wasps 1 1.00 . 
  Formicidae Ants 1 1.00 . 
  Platygastridae Platygastrid Wasps 1 1.00 . 
  Tachinidae Tachinid Flies 5 1.00 0.00 
 Pest Lygaeidae Seed Bugs 37 2.14 0.30 
  Curculionidae Weevils 1 2.00 . 
  Chrysomelidae Leaf Beetles 8 1.75 0.75 
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Table 8. beneficial and pest arthropods collected in the cover crops before and after cover crop 
termination averaged by family across all treatments. (Continued) 
Date Category Family Common Name N Mean 
Std 
Error 
5/9/2018 
(At Replant) 
Pest Cicadellidae Leafhoppers 15 1.67 0.21 
 Erebidae Erebid Moths 9 1.67 0.24 
 Gelechiidae Gelechiid Moths 9 1.33 0.24 
 Miridae Plant Bugs 4 1.25 0.25 
  Chrysomelidae Spotted Cucumber Beetles 7 1.14 0.14 
  Acrididae Short-Horned Grasshoppers 3 1.00 0.00 
  Aphididae Aphids 5 1.00 0.00 
  Mordellidae Tumbling Flower Beetles 1 1.00 . 
  Nitidulidae Sap-Feeding Beetles 1 1.00 . 
  Psyllidae Jumping Plant Lice 1 1.00 . 
  Pyralidae Snout Moths 1 1.00 . 
  Thyreocoridae Ebony Bugs 1 1.00 . 
  Unknown Lepidoptera Larvae 6 1.00 . 
*3/30/2018 data was collected prior to cover crop termination. 4/24/2018 data was collected after 
cover crop termination and watermelon cv ‘Jubilee’ transplant on 4/20/2018. 5/9/2018 data was 
collected when the field was replanted with watermelon cv’790’. 
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Figure 7. Kibler, AR 2018 mean beneficial insects in the cover crops before cover crop 
termination by treatment. Insect sample was taken from the cover crops before cover crop 
termination on 4/24/2018.  
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Table 9. Kibler, AR 2018 ANOVA of mean beneficial insects in the cover crops after cover crop 
termination at watermelon cv. ‘Jubilee’ transplant on 4/20/2018 and after replant with 
watermelon cv. ‘790’ on 5/9/2018.  
Cover Crop Treatment N 
Mean 
Beneficials 
on 4/20/18 
+ 
Standard 
Error 
4/20/18 
P-Values 
Mean 
Beneficials 
on 5/9/18 
+ 
Standard 
Error 
5/9/18 
P-Values 
Black Oats 5 2.00 de 0.84 0.0333 2.00 cd  0.95 0.0333 
Cereal Rye 5 2.20 cde 0.58 0.0119 6.40 a 1.25 <0.0001 
Winter Wheat 5 5.20 b 1.24 <0.0001 5.80 a 1.80 <0.0001 
Austrian Pea 5 3.00 bcd 1.26 <0.0001 2.60 bcd 0.93 0.0012 
Black Oats + Austrian 
Pea 
5 3.00 bcd 1.05 <0.0001 5.80 a 1.59 <0.0001 
Cereal Rye + Austrian 
Pea 
5 2.40 cde 0.51 0.0039 6.20 a 1.39 <0.0001 
Winter Wheat + 
Austrian Pea 
5 8.80 a 4.35 <0.0001 5.00 a 1.52 <0.0001 
Crimson Clover 5 4.40 bc 1.07 <0.0001 2.60 bcd 1.03 0.0012 
Black Oats + Crimson 
Clover 
5 4.40 bc 0.81 <0.0001 4.20 abc 1.32 <0.0001 
Black Oats+ Austrian 
Pea + Mustard 
5 2.60 cd 0.68 0.0012 2.20 cd 0.66 0.0119 
Mustard 5 2.40 cde 0.51 0.0039 1.20 d 0.49 0.6572 
Control  
(no cover crops) 
5 0.80 e 0.20 0.6574 1.00 d 0.45 1.0000 
*4/20/18 F = 5.44, P < 0.0001; 5/9/18 F = 4.80, P < 0.0001; Means sharing a letter in the same 
column not statistically different at α = 0.05 according means separation by least squares. 
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Figure 8. Kibler, AR 2018 mean pest insects in the cover crops before cover crop termination by 
treatment. Insects were sampled from the cover crops before cover crop termination on 
4/24/2018.  
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Table 10. Kibler, AR 2018 ANOVA of mean pest insects in the cover crops after cover crop 
termination at watermelon cv ‘Jubilee’ transplant on 4/20/2018 and after replant with 
watermelon cv ‘790’ on 5/9/2018. 
Cover Crop Treatment N 
Mean 
Pests on 
4/20/18 
+ 
Standard 
Error 
4/20/18 
P-Values 
Mean 
Pests on 
5/9/18 
+ 
Standard 
Error 
5/9/18 
P-Values 
Black Oats 5 9.00 ef 2.92 <0.0001 2.40 cde 0.51 0.0039 
Cereal Rye 5 6.00 f 2.12 <0.0001 5.20 a 1.93 <0.0001 
Winter Wheat 5 23.40 d 2.99 <0.0001 4.20 abc 1.07 <0.0001 
Austrian Pea 5 43.20 b 4.13 <0.0001 0.60 f 0.24 0.3807 
Black Oats + Austrian 
Pea 
5 40.60 bc 9.72 <0.0001 1.40 def 0.60 0.3778 
Cereal Rye + Austrian 
Pea 
5 12.40 e 4.55 <0.0001 3.80 abc 0.58 <0.0001 
Winter Wheat + 
Austrian Pea 
5 34.00 c 6.88 <0.0001 5.00 ab 1.22 <0.0001 
Crimson Clover 5 53.80 a 15.65 <0.0001 2.60 abcde 0.93 0.0012 
Black Oats + Crimson 
Clover 
5 55.00 a 10.34 <0.0001 3.00 abcd 1.14 <0.0001 
Black Oats+ Austrian 
Pea + Mustard 
5 39.60 bc 8.40 <0.0001 2.60 abcde 1.08 0.0012 
Mustard 5 39.20 bc 8.56 <0.0001 4.00 abc 1.79 <0.0001 
Control  
(no cover crops) 
5 23.00 d 6.77 <0.0001 1.00 ef 0.63 1.000 
*4/20/18 F = 36.75, P < 0.0001; 5/9/18 F = 3.25, P = 0.0022; Means sharing a letter in the same 
column not statistically different at α = 0.05 according means separation by least squares. 
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Figure 9 (a-b). Kibler, AR 2018 mean beneficial and pest insects observed in the watermelon 
across 8 sampling dates between transplant and harvest (5/15/18 to 7/19/18). [a] mean beneficial 
insect counts in the watermelon by cover crop treatment. [b] mean pest counts in the watermelon 
by cover crop treatment. 
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Table 11. Totals of major watermelon pests observed in Kibler, AR watermelon across all 
sampling dates by year. 
Location/Year 
Spotted 
Cucumber 
Beetles 
Striped 
Cucumber 
Beetles 
Squash Bugsz 
Melon 
Aphids 
Kibler 2018 70 70 47 0 
Kibler 2019 48 187 2 0 
zSquash bug counts included adults and nymphs. 
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Table 12. Kibler, AR 2019 beneficial and pest arthropods collected in the cover crops before and 
after cover crop termination averaged by family across all treatments. 
Date Category Family Common Name N Mean Std Error 
4/12/2019 
(Before Cover 
Crop Termination) 
Beneficial Coccinellidae Lady Beetles 27 4.44 0.78 
 Nabidae Damsel Bugs 9 2.89 0.68 
 Dolichopodidae Long-Legged Flies 33 1.94 0.28 
 Geocoridae Big-Eyed Bugs 5 1.80 0.37 
 Oxyopidae Lynx Spiders 10 1.80 0.80 
 Tetragnathidae Long-Jawed Orb Weavers 28 1.61 0.20 
  Chrysopidae Green Lacewings 7 1.57 0.30 
  Thomisidae Crab Spiders 7 1.43 0.20 
  Ichneumonidae Ichneumon Wasps 12 1.33 0.19 
  Braconidae Braconid Wasps 9 1.22 0.15 
  Syrphidae Hoverflies 9 1.11 0.11 
  Andrenidae Mining Bees 2 1.00 0.00 
  Apidae Honey Bees 4 1.00 0.00 
  Araneidae Orb Weavers 2 1.00 0.00 
  Coenagrionidae Narrow-Winged Damselflies 2 1.00 0.00 
  Eulophidae Eulophid Wasps 1 1.00 . 
  Linyphiidae Sheetweb and Dwarf Spiders 13 1.00 0.00 
  Lycosidae Wolf Spiders 5 1.00 0.00 
  Philodromidae Running Crab Spiders 1 1.00 . 
  Pteromalidae Pteromalid Wasps 3 1.00 0.00 
  Salticidae Jumping Spiders 6 1.00 0.00 
  Tachinidae Tachinid Flies 1 1.00 . 
 Pest Aphididae Aphids 50 39.86 12.37 
  Unknown Lepidoptera Larvae 16 5.13 0.81 
  Nitidulidae Sap-Feeding Beetles 14 4.64 0.74 
  Cicadellidae Leafhoppers 21 3.24 1.09 
  Curculionidae Weevils 20 3.15 0.59 
  Chrysomelidae Spotted Cucumber Beetles 19 2.84 0.49 
  Cercopidae Froghoppers 6 2.17 0.65 
  Pentatomidae Stink Bugs 3 2.00 0.58 
  Delphacidae Delphacid Planthoppers 2 1.50 0.50 
  Miridae Plant Bugs 11 1.36 0.15 
  Membracidae Treehoppers 3 1.33 0.33 
  Pyralidae Snout Moths 3 1.33 0.33 
  Agromyzidae Leaf Miner Flies 7 1.29 0.18 
  Lygaeidae Seed Bugs 14 1.14 0.10 
  Acrididae Short-Horned Grasshoppers 1 1.00 . 
  Cecidomyiidae Gall Midges 1 1.00 . 
  Chrysomelidae Leaf Beetles 1 1.00 . 
  Psyllidae Jumping Plant Lice 2 1.00 0.00 
4/23/2019 
(After Cover Crop 
Termination) 
Beneficial Staphylinidae Rove Beetles 2 10.00 9.00 
 Dolichopodidae Long-Legged Flies 59 8.24 0.91 
 Oxyopidae Lynx Spiders 1 2.00 . 
 Tetragnathidae Long-Jawed Orb Weavers 31 1.94 0.36 
 Geocoridae Big-Eyed Bugs 2 1.50 0.50 
  Araneidae Orb Weavers 6 1.33 0.21 
  Linyphiidae Sheetweb and Dwarf Spiders 11 1.18 0.12 
  Coccinellidae Lady Beetles 12 1.17 0.11 
  Anthocoridae Minute Pirate Bugs 2 1.00 0.00 
  Braconidae Braconid Wasps 5 1.00 0.00 
  Chrysopidae Green Lacewings 2 1.00 0.00 
  Encyrtidae Encyrtid Wasps 1 1.00 . 
  Halictidae Sweat Bees 1 1.00 . 
  Ichneumonidae Ichneumon Wasps 5 1.00 0.00 
  Lycosidae Wolf Spiders 3 1.00 0.00 
  Nabidae Damsel Bugs 2 1.00 0.00 
  Salticidae Jumping Spiders 4 1.00 0.00 
  Syrphidae Hoverflies 2 1.00 0.00 
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Table 12. Kibler, AR 2019 beneficial and pest arthropods collected in the cover crops before 
and after cover crop termination averaged by family across all treatments. (Continued) 
Date Category Family Common Name N Mean Std Error 
4/23/2019  
(After Cover Crop 
Termination) 
Beneficial Tachinidae Tachinid Flies 4 1.00 0.00 
Pest Aphididae Aphids 23 2.74 0.54 
 Unknown Lepidoptera Larvae 16 2.31 0.35 
 Lygaeidae Seed Bugs 15 1.80 0.31 
 Cicadellidae Leafhoppers 34 1.79 0.18 
  Membracidae Treehoppers 3 1.67 0.67 
  Curculionidae Weevils 16 1.50 0.32 
  Miridae Plant Bugs 12 1.33 0.14 
  Acrididae Short-Horned Grasshoppers 8 1.25 0.16 
  Thomisidae Crab Spiders 1 1.00 . 
  Agromyzidae Leaf Miner Flies 4 1.00 0.00 
  Cercopidae Froghoppers 1 1.00 . 
  Chrysomelidae Leaf Beetles 1 1.00 . 
  Chrysomelidae Spotted Cucumber Beetles 3 1.00 0.00 
  Cydnidae Burrowing Bugs 1 1.00 . 
  Pentatomidae Stink Bugs 4 1.00 0.00 
  Pyralidae Snout Moths 4 1.00 0.00 
*4/12/2019 data was collected prior to cover crop termination. 4/23/2019 data was collected after 
cover crop termination at watermelon transplant. 
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Figure 10 (a-b). Kibler, AR 2019 mean beneficial insects in the cover crops before and after 
cover crop termination by cover crop treatment. [a] mean beneficial insect counts in the cover 
crops before cover crop termination on 4/12/2019. [b] mean beneficial insect counts in the cover 
crops after cover crop termination at watermelon transplant on 4/23/2019. 
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Figure 11. Kibler, AR 2019 mean pest insects in the cover crops before cover crop termination 
by cover crop treatment. Insects were sampled in the cover crops before cover crop termination 
on 4/12/2019.  
  
0
50
100
150
200
250
300
350
M
e
a
n
 P
e
s
t 
C
o
u
n
ts
Cover Crop Treatment
P < 0.05
D
A
CC
B
HI
E
GHIGGHF
78 
Table 13. Kibler, AR 2019 ANOVA of mean pest insects in the cover crops after cover crop 
termination at watermelon transplant on 4/23/2019. 
Cover Crop Treatment N 
Mean Pest 
Insects 
+ 
Standard 
Error 
P-Values 
Black Oats 5 2.20 egf 0.73 0.0119 
Cereal Rye 5 0.60 g 0.40 0.6000 
Winter Wheat 5 3.20 cdef 1.02 < 0.0001 
Austrian Pea 5 5.80 bc 1.24 <0.0001 
Black Oats + Austrian Pea 5 2.80 def 0.80 0.0003 
Cereal Rye + Austrian Pea 5 2.00 fg 1.05 0.0333 
Winter Wheat + Austrian Pea 5 3.00 def 1.00 < 0.0001 
Crimson Clover 5 9.00 ab 1.76 < 0.0001 
Black Oats + Crimson Clover 5 10.60 a 2.09 < 0.0001 
Black Oats+ Austrian Pea + Mustard 5 3.60 cdef 0.81 < 0.0001 
Mustard 5 5.00 cd 1.76 < 0.0001 
Control (no cover crops) 5 4.40 cde 1.44 < 0.0001 
*F = 8.07; P < 0.0001; Means sharing a letter are not statistically different at α = 0.05 according 
means separation by least squares. 
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Figure 12. Kibler, AR 2019 pest insects observed in the watermelon across 8 sampling dates 
between transplant and harvest (5/7/2019 to 7/12/2019) by cover crop treatment.  
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Chapter 3: Investigating the Impact of Winter Cover Crops on Common Watermelon Diseases 
Abstract 
This study evaluated the occurrence and severity of common watermelon diseases that were 
planted following termination of different winter cover crop treatments. The goal was to 
determine if certain winter cover crops or cover crop mixtures impacted watermelon disease and 
whether they might be useful as part of an integrated disease management plan. Different types 
of cover crops were tested, including grasses, legumes, and a brassica, as well as several 
mixtures. All cover crops tested were well adapted for Arkansas’ climate. Disease incidence was 
low and severity ratings as measured by percentage of affected foliage were not found to be 
statistically different among treatments, including the control. From this study, we conclude that 
common watermelon diseases that occurred in our plantings (angular leaf spot and gummy stem 
blight) were found at the same level as the control, meaning the cover crops did not increase nor 
decrease severity or incidence at our two locations. In future studies designed to investigate the 
impact of cover crops on cash crop disease, steps should be taken to ensure a more controlled 
environment and that the diseases to be tested are present and prevalent.  
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Introduction 
Arkansas’ warm humid environment is conducive to many plant diseases. Preventative 
fungicide applications are recommended for watermelon production. There are several common 
watermelon diseases that have potential to threaten yield. The common watermelon diseases 
impacting watermelon production in Arkansas are gummy stem blight, anthracnose, powdery 
mildew, downy mildew, angular leaf spot, and fusarium wilt.  These diseases are often 
exacerbated by a humid environment. In addition to these diseases, watermelons are also host to 
a wide range of other pathogens including root rot-causing fungi and numerous viruses. 
Integrated disease management utilizing cover crops may serve to limit these diseases and reduce 
fungicide applications. 
Important Watermelon Diseases 
Gummy stem blight of cucurbits is caused by a fungal pathogen that was originally called 
Didymella bryoniae but recently was found to be a complex of three species of Stagonosporopsis 
(Keinath, Wintermantel, & Zitter, 2017). These species are Stagonosporopsis citrulli M.T. 
Brewer & J.E. Stewart, Stagonosporopsis cucurbitacearum (Fr.) Aveskamp, Gruyter & Verkley, 
and Stagonosporopsis caricae (Syd. & P. Syd.) Aveskamp, Gruyter & Verkley (Keinath, 
Wintermantel, & Zitter, 2017). This disease causes rapidly enlarging necrotic lesions and stem 
cankers (Keinath, Wintermantel, & Zitter, 2017). On seedlings, gummy stem blight appears as 
water soaked girdled hypocotyls, and it may eventually cause seedling death (Keinath, 
Wintermantel, & Zitter, 2017). Lesions caused by gummy stem blight often exude a reddish-
brown gummy substance (Keinath, Wintermantel, & Zitter, 2017). This disease can manifest as a 
severe rot on the fruit called black rot, which begins as black spots on blossom ends (Keinath, 
Wintermantel, & Zitter, 2017). Gummy stem blight is exacerbated by warm humid conditions 
(Keinath, Wintermantel, & Zitter, 2017). Leaf wetness is necessary for infection to occur 
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(Keinath, Wintermantel, & Zitter, 2017). Because the pathogen can overwinter on crop residue in 
the soil, it is recommended to till in debris after the growing season to reduce the likelihood of 
survival (Keinath, Wintermantel, & Zitter, 2017). There are no commercially available cultivars 
offering resistance to gummy stem blight (Keinath, Wintermantel, & Zitter, 2017). 
Anthracnose is another problematic fungal cucurbit disease and is caused by the pathogen 
Colletotrichum orbiculare (Berk. & Mont.) Arx (Keinath, Wintermantel, & Zitter, 2017). 
Watermelon is especially susceptible to anthracnose; this disease can affect all parts of the plant 
often causing foliar lesions near leaf veins (Keinath, Wintermantel, & Zitter, 2017).  Spots on the 
fruit can appear as raised or sunken small round spots that eventually appear cracked (Keinath, 
Wintermantel, & Zitter, 2017). Anthracnose can become a major issue in humid environments 
and spreads via wind and rain (Keinath, Wintermantel, & Zitter, 2017). If anthracnose is a 
problem, it is recommended to deep till post-harvest to help eliminate inoculum left on crop 
debris (Keinath, Wintermantel, & Zitter, 2017). 
Powdery mildew of watermelon is a fungal disease favored by humidity and is most 
commonly caused by Podosphaera xanthii (Castagne) U. Braun & Shishkoff (Keinath, 
Wintermantel, & Zitter, 2017). This disease is characterized by a white fungal growth that 
develops on leaves and stems and will first appear on shaded older leaves (Keinath, 
Wintermantel, & Zitter, 2017). Although it is uncommon, immature fruit can be affected as well 
(Keinath, Wintermantel, & Zitter, 2017). Powdery mildew can be brought into a field from long 
distances because its spores are carried on the wind (Keinath, Wintermantel, & Zitter, 2017). 
Once present, powdery mildew can spread very quickly and becomes difficult to control, thus 
immediate fungicide application is suggested if it is found (Keinath, Wintermantel, & Zitter, 
2017). 
85 
Like powdery mildew, downy mildew can be brought long distances by wind and is a 
common watermelon disease (Keinath, Wintermantel, & Zitter, 2017). Downy mildew is caused 
by the oomycete pathogen, Pseudoperonospora cubensis (Berkeley & Curtis) Rostovtsev 
(Keinath, Wintermantel, & Zitter, 2017). It is favored by warm temperatures and high humidity 
that increases leaf wetness (Keinath, Wintermantel, & Zitter, 2017). Symptoms appear as 
chlorotic foliar lesions affecting the older leaves first (Keinath, Wintermantel, & Zitter, 2017). 
Under favorable conditions, lesions spread rapidly causing leaves to die, consequently leading to 
decreased plant vigor and yield (Keinath, Wintermantel, & Zitter, 2017). 
Another disease of importance is angular leaf spot, which is a bacterial disease caused by 
Pseudomonas syringae pv. lachrymans (Smith & Bryan) (Keinath, Wintermantel, & Zitter, 
2017). It is the most prevalent bacterial disease of cucurbits and often seedborne or occurring on 
young seedlings in the green house as it is favored by humid conditions (Keinath, Wintermantel, 
& Zitter, 2017). Leaf spots first manifest on leaves and may appear angular because they are 
restricted by leaf veins (Keinath, Wintermantel, & Zitter, 2017). As symptoms progress, lesions 
eventually become necrotic and drop out, causing an irregular, angular hole (Keinath, 
Wintermantel, & Zitter, 2017). The bacteria are primarily spread from plant to plant via rain 
splash and may enter small wounds caused by injury like sand blast (Keinath, Wintermantel, & 
Zitter, 2017).   
A disease that occurs less frequently in watermelon than those previously mentioned but 
of importance is fusarium wilt. This is a soil-dwelling fungal disease caused by Fusarium 
oxysporum Schlechtend.: Fr. f. sp. niveum (E.F. Sm.) W.C. Snyder & H.N. Hans (Fon) (Keinath, 
Wintermantel, & Zitter, 2017). This disease causes damping off of young seedlings and wilt that 
may eventually lead to plant death (Keinath, Wintermantel, & Zitter, 2017). Chlamydospores of 
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this fungus can survive in the soil for many years, making control difficult (Keinath, 
Wintermantel, & Zitter, 2017). The fungus can move into a field from infested seed (Keinath, 
Wintermantel, & Zitter, 2017). Fusarium wilt is exacerbated by drought stress and root-knot 
nematodes (Keinath, Wintermantel, & Zitter, 2017). Because it has such great potential to 
devastate production, many watermelon cultivars offer some level of fusarium wilt resistance 
(Keinath, Wintermantel, & Zitter, 2017). 
Watermelon Disease Management 
Because of humid conditions favoring disease in Arkansas, preventative fungicide 
applications are advised. It is recommended to apply fungicides every ten days up until a week 
before harvest (Keinath & Miller, 2019). Based on an example given in the 2019 Southeastern 
U.S. Vegetable Grower handbook, a typical watermelon spray program includes regular 
preventative sprays every ten days and focuses on common disease issues like bacterial spot, 
gummy stem blight, anthracnose, powdery mildew and downy mildew (Kemble et al., 2019). 
Additionally, it is essential to scout for disease weekly in order to identify and adjust the spray 
program to control any problems early on (Keinath & Miller, 2019). However, other tactics 
could also be used to prevent and limit the spread of disease. Using other control methods in 
conjunction with pesticides is called integrated disease management and may cut down on the 
frequency of pesticide applications. 
Integrated disease management tactics can also be used to avoid and make conditions less 
favorable for disease. Growers should use certified disease-free seed and if transplanting, ensure 
greenhouse diseases are managed by removing any plants showing symptoms. Because humidity 
and leaf wetness are conducive to the common watermelon diseases, it is suggested that 
measures be taken to lessen moisture in the field. For example, cultural tactics such as choosing 
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drip tape irrigation as opposed to overhead irrigation could help prevent excessive moisture on 
the foliage. Maintaining adequate plant spacing is also important to avoid creating a humid 
microclimate in the plant canopy. In addition, it is suggested that crop debris be tilled in post-
harvest to decrease survivability of pathogen inoculum present on the debris. Another cultural 
control to help limit the spread of plant disease is the use of cover crops. 
Impacts of Cover Crops on Disease  
There are a few proposed mechanisms of how cover crops can aid in suppressing cash 
crop diseases. A big part of the disease suppression has to do with cover crop benefits to soil 
health. Rotating to a cover crop can improve soil microbial activity over time which contributes 
to soil and plant health and may promote microorganisms that antagonize soilborne pathogens 
(Larkin, Griffin, & Honeycutt, 2010). Although the effects may not be noticeable outright, the 
breakdown of organic soil amendments such as cover crop residues can displace soilborne 
pathogens and diminish their survivability, leading to a decrease in soilborne disease if the 
organic matter is built up over time (Bailey & Lazarovits, 2003).  
The colonization of plant roots by mycorrhizal fungi may also play a role in plant disease 
suppression. After seeing an increase in arbuscular mycorrhizal fungi after one season with an 
overwintering hairy vetch cover crop, Galvez et al. (1995) maintain that winter cover crops that 
can serve as hosts to arbuscular mycorrhizal fungi may support and increase the populations of 
this beneficial soil microorganism before the cash crop is planted. Mycorrhizal fungi form 
mutually beneficial symbiotic relationships with the roots of plants and can benefit the plant by 
increasing nutrient uptake, providing resistance to stresses that threaten plant health, and helping 
to protect against soilborne pathogens (Ranganathswamy, Kadam, & Jhala, 2019). Certain 
mycorrhizal fungi can form a physical barrier around the plant root that prevents pathogen entry 
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(Ranganathswamy, Kadam, & Jhala, 2019). The fungi can also outcompete soil-dwelling 
pathogens for resources in the soil and may even produce antibiotic compounds 
(Ranganathswamy, Kadam, & Jhala, 2019). Generally, mycorrhizal interactions benefit plant 
nutrition which in turn improves overall plant health and makes the plant less susceptible to 
stresses like disease (Ranganathswamy, Kadam, & Jhala, 2019).  Evidence has been found that 
suggests arbuscular mycorrhizal fungi can increase plant tolerance of disease and host plants 
experience less yield loss relative to non-mycorrhizal plants (Ranganathswamy et al., 2019). 
There is also a method of disease suppression specific to brassica cover crops. The 
enzymatic breakdown of glucosinolates plant tissues of the Brassicaceae family releases 
compounds called isothiocyanates which have fungicidal properties that may inhibit the 
germination of pathogenic fungal spores in the soil (Rosa & Rodrigues, 1999; Smolinska & 
Horbowicz, 1999). The fungicidal activity of the brassica is dependent on the isothiocyanate 
concentration released which varies by species (Smolinska & Horbowicz, 1999). Brassica 
juncea, or brown mustard, was found to have the greatest fungicidal activity compared to several 
other common Brassicaceae species tested (Smolinska & Horbowicz, 1999). It is thought that 
certain Brassicaceae species like Brassica juncea incorporated into nursery soils could be useful 
in suppressing the soilborne root rot fungus Fusarium oxysporum (Smolinska et al., 2003). There 
is a potential downside to using cover crops from Brassicaceae. Brassica cover crops may be 
phytotoxic to cash crop seeds and could negatively impact yield if planted too soon after 
termination (Ackroyd & Ngouajio, 2011). Ackroyd and Ngouajio (2011) demonstrated that 
cucurbits can be susceptible to the phytotoxic effects of brassicas and suggest a period greater 
than eight days between cover crop incorporation and planting. Additionally, the fungicidal 
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activity of the isothiocyanates may extend to beneficial microorganisms like the mycorrhizal 
fungi and could negatively impact soil health (Himmelstein et al., 2016). 
Cover crop residues on the soil surface, especially in no-till systems, could physically 
protect against the spread of disease as well. Evidence from Ristaino, Parra, and Campbell 
(1997) suggests that a no-till wheat cover crop can suppress phytophthora blight of bell peppers 
by reducing pathogen dispersal. The cover crop residue greatly reduced surface water runoff that 
might have carried inoculum throughout the field and was thought to have prevented inoculum 
from splashing from the soil surface onto the above ground parts of the plant (Ristaino, Parra, & 
Campbell, 1997). Because most foliar diseases can easily be spread throughout a field by water 
and rain splash, the cover crop barrier could greatly limit the spread of disease, making it a great 
cultural approach to disease management. 
It is important to ensure that the cover crop grown prior to a cash crop is not an alternate 
host for common diseases of that cash crop. If the cover crop is an alternate host, residues left 
after cover crop termination could serve as a reservoir of pathogen inoculum that could threaten 
the vulnerable early growth stages of the cash crop. For example, a cereal rye cover crop was 
found to increase soilborne pathogen density on the roots of seedling corn (Bakker et al., 2016). 
Furthermore, interactions in the soil and rhizosphere can be highly complex and variable. 
Research on how cover crop residues impact cash crop disease is important because depending 
on the type of organic matter and other variables present in the soil, there could be negative 
effects like increases in soilborne disease (Bonanomi et al., 2010).  
Disease Suppression in Watermelon 
There are several studies that exemplify cover crops suppressing disease in watermelon 
production systems. For instance, Zhou and Everts (2004) contend that a hairy vetch cover crop 
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incorporated into the soil before planting watermelon can significantly suppress fusarium wilt 
and improve watermelon yield on par with the effect of commercially available soil fumigants. 
Himmelstein, Maul, and Everts (2014) evaluated the impact of soil-incorporated hairy vetch, 
crimson clover, cereal rye and mustard cover crops on fusarium wilt in watermelon. The 
incorporation of the hairy vetch and the crimson clover treatments resulted in significant 
fusarium wilt suppression compared to control plots without amendments (Himmelstein, Maul, 
& Everts, 2014). In some of the field trials, Himmelstein, Maul, and Everts (2014) found that the 
brassica treatment led to increased fusarium wilt.  
The fusarium wilt suppression after the hairy vetch and crimson clover amendments may 
be due to an increase in soil microbial activity (Himmelstein et al., 2016; Zhou & Everts, 2007). 
Himmelstein et al. (2016) assert that the decrease in fusarium wilt severity after the crimson 
clover and hairy vetch treatments was due to increased arbuscular mycorrhizal interactions in the 
watermelon roots after the incorporation of these cover crops. The arbuscular mycorrhizal 
colonization of the watermelon after the crimson clover and hairy vetch was much greater than 
that after the cereal rye, brassica, and unamended control (Himmelstein et al., 2016). Ren et al. 
(2015) demonstrated that arbuscular mycorrhizal colonization greatly reduced fusarium wilt of 
watermelon because the mutualistic fungi suppressed the soilborne pathogen and helped the plant 
to better tolerate stress by altering root exudates.  
Moreover, studies revealed that under high disease pressure with greater pathogen 
inoculum present in the soil, the disease suppressive effects of cover crops may be overwhelmed 
by the abundance of the pathogen (Zhou & Everts, 2007; Zhou & Everts, 2006). In soils with 
severe infestations of Fusarium oxysporum f. sp. niveum, hairy vetch incorporation provides 
some fusarium wilt suppression but is more effective when used in conjunction with a wilt 
91 
resistant watermelon cultivar, (Zhou & Everts, 2007). Conversely, in environments where 
Fusarium oxysporum f. sp. niveum soil infestation was low, hairy vetch disease suppression was 
not significant (Himmelstein, Maul, & Everts, 2014). This highlights the importance of 
integrating various disease management strategies.  
Fusarium wilt was not the only common watermelon disease found to be suppressed by 
cover cropping. Compared to bare ground and plastic mulch, a no-till hairy vetch cover crop was 
found to greatly reduce gummy stem blight and anthracnose disease severity and the number of 
diseased fruits (Zhou & Everts, 2012). The reduction in disease may have been the result of 
improved plant health and a reduction of splash dispersal of the pathogens because the cover 
crop provided an organic mulch on the soil surface (Zhou & Everts, 2012). 
Essentially, the mechanisms by which cover crops might suppress watermelon disease 
have been investigated to some extent but are not yet completely understood. The disease 
suppressive potential of only a select few cover crops have been investigated. This study sought 
to evaluate the impact of various cover crops and cover crop mixtures on watermelon disease in 
the disease conducive climate of Arkansas. Till and no-till cover crop termination were also 
investigated. The goal of the study was to determine if our treatments impacted disease incidence 
and severity to determine which may be best utilized in an integrated disease management 
program. 
 
Methods 
Research Sites and Plot Setup 
Research was conducted at two field sites. The research sites included the Southwest 
Research and Extension Center located in Hope, AR (33.7107°N, 93.5573°W) and the Vegetable 
Research Center located in Kibler, AR (35.3791°N, 94.2333°W). The sites will be referred to as 
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Hope and Kibler respectively. Plot setup varied by location, however, both locations had 5 
replications of 12 treatments in a randomized complete block design. Hope plots were 3.7 m by 
9.1 m with 3.0 m allies between blocks and 1.5 m. allies between treatments. Kibler plots were 
3.7 m by 9.1m with 3.0 m allies between blocks and no allies between treatments. The 12 cover 
crop treatments consisted of black oats (Avena strigosa Schreb), cereal rye (Secale cereale L.), 
winter wheat (Triticum aestivum L.), Austrian pea (Pisum sativum subsp. arvense L.), crimson 
clover (Trifolium incarnatum L.), Austrian pea with black oats, Austrian pea with cereal rye, 
Austrian pea with winter wheat, crimson clover with black oats, mustard (Sinapis alba L.), and a 
mix of mustard, Austrian pea and black oats, as well as a control with no cover crops (Table 1). 
Cover crop treatments were chosen based on cover crop species popular amongst Arkansas 
growers and well-adapted for the southeastern U.S. (Roberts et al., 2018; Clark, 2007). Cover 
crop seed was sourced from Southern Soil Solutions Inc. (Clarendon, AR).  
Plots were established when cover crop seeds were hand broadcasted uniformly 
throughout the plots between mid-September and early October (Table 1). Seeding rates for 
cover crops in mixtures were adjusted based on standard recommendations for mixtures (Clark, 
2007). Prior to planting, Austrian pea and crimson clover seed was inoculated nitrogen-fixing 
rhizobia bacteria (Graph-Ex SA™, ABM®, Van Wert, OH), as is standard for legume cover crops 
in order to ensure they attain their full potential for nitrogen fixation (Clark, 2007). Austrian pea 
seed was broadcasted first and raked in due to a deeper planting depth requirement. Cover crops 
were not irrigated after establishment.  
Cover Crop Termination 
 Cover crops were terminated in the spring approximately two weeks before transplanting 
the watermelon. Hope cover crops were terminated by strip-tillage. The cover crops were mowed 
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down in the center of the plot, leaving strips of cover crop standing on the sides. The mowed 
cover crops were then tilled into the soil and a raised bed was formed. Beds were covered with 
black plastic mulch and irrigation tape laid down the center. Kibler cover crops were no-till 
terminated by roller crimper followed by an application of glyphosate (Cornerstone® Plus by 
WinField® United, St. Paul, MN). In Kibler 2018, no cover crops were left standing at the sides 
of plots. In Kibler 2019, strips of cover crops were left standing on either side of the plot, where 
the watermelon was transplanted. In both years, cover crop residue was left on the soil surface 
and watermelon transplanted into the surrounding residue and soil. 
Watermelon Production 
 After cover crop termination, drip irrigation line was place down the center of the plots at 
Kibler. Drip tape irrigation was utilized at Hope installed underneath the plastic. Watermelon 
transplants were grown from seed in the greenhouse. Transplants of the cultivar ‘Jubilee’ were 
transplanted on 4/30/18 in Hope 2018, 4/24/19 in Hope 2019, 4/20/18 in Kibler 2018, and 
4/23/19 in Kibler 2019. ‘Jubilee’ watermelon seed was sourced from Sustainable Seed Company 
(Chico, CA) for the 2018 season and NeSeed™ (Hartford, CT) for 2019. Hope transplants were 
planted into raised beds while Kibler transplants were planted directly into the cover crop residue 
or on bare ground in control plots along the drip tape. Transplants were spaced 3 feet apart with 
9 plants per plot.  In Kibler 2018, ‘Jubilee’ transplants died and the field was replanted with 
transplants of the cultivar ‘790’ on 5/9/18.  Krista™ K soluble potassium nitrate fertilizer (Yara, 
Tampa, FL) was drip applied per recommendations listed in the Southeastern Vegetable Crop 
Handbook (Kemble et al., 2019).   
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Pesticide Applications 
Pesticide application was minimal and applied via drip tape or backpack sprayer when 
necessary (Table 2). Ridomil Gold® SL (Syngenta®, Wilmington, DE) was applied through the 
drip tape at transplant and again 30 days later. A fungicide spray program was utilized in which 
chlorothalonil and copper as either Bravo® C/M (Fermenta Plant Protection Company, 
Painesville, OH) or Bravo Weather Stik® (ADAMA, Raleigh, NC) with Kocide®3000 (Certis 
USA, Columbia, MD) per labeled rates were applied every 14 days. About two applications were 
made each year. Insecticides were to be applied if a major pest outbreak threatened yield. The 
only insecticide application to occur during this study was at Kibler in 2019 when Sevin® XLR 
Plus (Tessenderlo Kerley Inc., Phoenix, AZ) at the labeled rate was applied to manage an 
outbreak of striped cucumber beetles that exceeded the economic threshold. Rally® (Corteva™, 
Wilmington, DE) and Inspire Super® (Syngenta®, Wilmington, DE) for powdery and downy 
mildew were on hand if outbreaks of these diseases had occurred but were not needed.  
Disease Ratings 
Watermelon disease ratings were taken at Hope and Kibler during the 2018 and 2019 
field seasons. Disease severity ratings based on a visual estimate of symptomatic foliage on all 
plants within each plot was taken weekly from the time of planting until harvest. Individual 
ratings were taken for angular leaf spot, anthracnose, gummy stem blight, powdery mildew, and 
downy mildew. An overall disease rating was taken for each plot as well. The ratings were on a 
one to ten scale in which 0 = 0% disease, 1 = 1 to 10% disease, 2 = 11 to 20% disease, 3 = 21 to 
30% disease, 4 = 31 to 40% disease, 5 = 41 to 50% disease, 6 = 51 to 60% disease, 7 = 61 to 
70% disease, 8 = 71 to 80% disease, 9 = 81 to 90% disease, and 10 = 91 to 100% disease. 
Disease ratings were observational and rating methodology was modified from methods used by 
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Zhou and Everts (2012) to rate gummy stem blight and anthracnose severity on watermelon 
foliage. When a potential disease was found, plant samples were sent to the University of 
Arkansas Plant Health Clinic for disease identification. 
Data Analysis 
 Disease severity rating data was analyzed using SAS® 9.4 (SAS Institute Inc., Cary, NC) 
ANOVA by PROC GLIMMIX and means separation by least squares. 
 
Results  
Data were analyzed by site and year for percent overall foliage affected by disease and 
for percent foliage affected by individually confirmed diseases. Analyses of variance did not 
indicate a significant difference in mean percentage of disease between treatments. Results 
discussed will primarily be based on field observations. 
Kibler 2018 Watermelon Disease 
 After losing most of the cultivar ‘Jubilee’ transplants to Pythium, the Kibler 2018 field 
was replanted with cultivar ‘790’ transplants received from a grower. Angular leaf spot was 
present at transplant. Ratings were taken soon after planting to establish a baseline. Angular leaf 
spot was the only disease to occur during the growing season. Disease ratings throughout the 
field ranged between 1 and 2, meaning percentages of affected foliage within each plot never 
exceeded 20% (Table 3). Based on field observations, percentages of affected foliage tended to 
be higher earlier in the growing season, especially during the seedling stage. As plants developed 
and accumulated more foliage, percentages decreased and the angular leaf spot seemed to 
predominantly affect older foliage. The foliar lesions caused by the angular leaf spot appeared to 
stop progressing and eventually became necrotic and dropped. Disease ratings were taken 
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weekly in the beginning of the growing season and then every two weeks as harvest neared 
because of low disease pressure. 
Kibler 2019 Watermelon Disease 
 Angular leaf spot was the only confirmed disease present during the Kibler 2019 growing 
season. Seedlings did not show any symptoms of disease at transplant. Angular leaf spot began 
to appear in some plots within the first few weeks of planting and was soon present throughout 
the field. Disease ratings ranged from 0 to 2 and percentage of affected foliage never exceeded 
15% (Table 4). Percent foliage affected by angular leaf spot was greater earlier in the growing 
season before watermelons went to vine. As more foliage was accumulated, the angular leaf spot 
appeared to be limited to older leaves. 
Hope 2018 Watermelon Disease 
 Two diseases occurred during the Hope 2018 growing season. The most prevalent disease 
was confirmed to be angular leaf spot. Some incidence of gummy stem blight was also 
identified. Disease ratings ranged from 0 to 3. Percent disease never exceeded 25% (Table 5). 
Generally, little disease was present at the beginning of the growing season. Closer to harvest, 
percent foliage affected by angular leaf spot seemed to increase in affected plots. Gummy stem 
blight was only identified in a few plots during the growing season and percentage of affected 
foliage ranged from 1 to 3%. Gummy stem blight was not identified consistently in affected plots 
(Table 5). 
Hope 2019 Watermelon Disease 
 In Hope 2019, one of the five blocks was excluded from data analysis due to flooding on 
that side of the field. The only confirmed diseases were angular leafspot and gummy stem blight. 
Angular leaf spot was present on some seedlings at transplant. Disease ratings ranged from 0 to 3 
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with percentage of affected foliage never exceeding 30% (Table 6). Towards harvest, ratings 
were taken every two weeks rather than weekly because of low disease pressure. At harvest, 
angular leaf spot symptoms were still noticeable in the plots but plants appeared otherwise 
healthy. 
 
Discussion  
In 2018 and 2019 at both the Hope and Kibler research locations, watermelon disease 
occurrence was infrequent and disease outbreak severity was never a major threat to yield. It is 
likely that the low incidence of disease was due largely in part to the early season preventative 
applications of chlorothalonil and copper. The chlorothalonil provided protection against 
common watermelon diseases like anthracnose, gummy stem blight, and powdery mildew. The 
copper served to protect against and minimize the spread of bacterial leaf spots. These 
preventative fungicide applications were necessary to ensure yield from the study, although they 
were not ideal for the purpose of evaluating winter cover crop impact on watermelon diseases. 
Aside from the Pythium in Kibler 2018 before the field was replanted, no incidences of soilborne 
disease were observed in our trial. Following replant, Pythium was not an issue. 
In Kibler 2018, the only disease to occur was angular leaf spot, which was confirmed on the 
cultivar ‘790’ transplants before they were planted. Because the angular leaf spot seemed to be 
confined to older foliage for the most part, it is likely that the spread of the angular leaf spot was 
stopped by early season applications of copper. Because all of the transplants started with 
angular leaf spot, there was no feasible way to determine if the cover crops left on the soil 
surface had prevented splash dispersal of the pathogen. It may also be worthwhile to note that a 
severe weed problem throughout the field caused issues with growth and resulted in no 
marketable yield. In Kibler 2019, angular leaf spot was once again the only disease to be 
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identified in the field.  The seedlings appeared disease free at transplant but angular leaf spot 
began to show up within the first few weeks of planting. Field observations revealed that angular 
leaf spot generally remained on older foliage, which was likely the result of applications of 
copper when the disease first appeared. The angular leaf spot was present in all of the treatments. 
It is possible that angular leaf spot occurred early in the growing season due to windy field 
conditions that may have caused sand blast injury to the watermelon foliage and allowing entry 
of the bacterial pathogen. Kibler 2019 was no-till, but strips of cover crops were left standing on 
either side of watermelon plots. The standing cover crops may have acted as wind breaks that 
aided against sand blast injury but with low disease occurrence, statistical analyses could not 
determine differences between cover crop treatments. 
In Hope 2018, bacterial spot and gummy stem blight were the only disease issues, however 
the severity ratings did not differ statistically between treatments. Copper had been applied 
earlier in the growing season, which may indicate why bacterial spot severity did not worsen 
until closer to harvest. Although some gummy stem blight did occur, it was not consistent and 
percentage of affected foliage was very low. The early season applications of chlorothalonil may 
have prevented gummy stem blight from becoming a bigger issue. In Hope 2019, angular leaf 
spot was the only disease to be identified and it began on seedlings at transplant. Although 
severity ratings varied through the growing season, there was no significant difference between 
treatments. Applications of copper likely kept the spread of angular leaf spot under control. Hope 
2018 and 2019 cover crops were strip-tilled with cover crops left standing on either side of the 
watermelon beds. Perhaps the standing cover crops played a role as wind breaks and cut down on 
sand blast injury that allows pathogen entry and contributed to the control of disease as well. 
However, there is no way to confirm this speculation based on the data. 
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   It is promising that no disease outbreaks occurred and disease severity and occurrence 
were very low. This suggests these cover crops, along with the reduced spray program do not 
increase disease severity or incidence. Further studies are necessary to determine the impact of 
winter cover crops on watermelon disease. 
 
Conclusions 
 In order to more accurately test the impact of cover crops on watermelon diseases, 
watermelon plants or field sites would likely need to be inoculated with the pathogen to ensure 
the diseases are present. Because the disease data were collected as part of a larger study that 
investigated the effect of cover crops on other aspects of watermelon production, inoculating 
watermelons with the pathogens to test for disease was not feasible. It was necessary to apply 
preventative pesticides to protect yields, although a much-reduced spray program was utilized. 
As such, the common diseases of watermelon aside from angular leaf spot did not occur at Hope 
or Kibler in either year. Because disease incidence and severity were low across the field, the 
cover crop treatments evaluated were not found to serve as hosts for common watermelon 
disease. In future studies, growing cover crops and watermelon in a more controlled environment 
and inoculating with the pathogens to be tested would likely provide more conclusive results on 
whether certain cover crops have an impact on disease. 
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Tables  
Table 1. Hope, AR and Kibler, AR cover crop treatments, seeding rates, and approximate 
planting depths. 
Treatment 
Broadcast Seeding 
Rates (kg/ha) 
Seed per 
Plot (g) 
Planting 
Depth (cm) 
Black Oats 
(Avena strigosa Schreb) 
112.09 362.87 1.91 
Cereal Rye 
(Secale cereale L.) 
112.09 362.87 1.91 
Winter Wheat 
(Triticum aestivum L.) 
100.88 326.58 1.91 
Austrian Pea 
(Pisum sativum subsp. Arvense L.) 
56.04 181.44 2.54 
Black Oats + Austrian Pea 56.04; 39.23 
181.43; 
127.00 
1.91; 2.54 
Cereal Rye + Austrian Pea 56.04; 39.23 
181.43; 
127.00 
1.91; 2.54 
Winter Wheat + Austrian Pea 50.44; 39.23 
181.43; 
127.00 
1.91; 2.54 
Crimson Clover 
(Trifolium incarnatum L.) 
130.45 43.54 1.27 
Black Oats + Crimson Clover 56.04; 8.97 
181.44; 
29.02 
1.91; 1.27 
Mustard (Sinapis alba L.) 5.60 18.14 0.64 
Black Oats + Austrian Pea + 
Mustard 
39.23; 28.02; 3.36 
127.00; 
90.7; 
10.89 
1.91; 2.54; 
0.64 
Control (no cover crops) n/a n/a n/a 
*Each plot is 33.45 square meters or 0.0032 hectare. Seeding rates for cover crop mixtures were 
adjusted based on standard recommendations for mixtures (Clark, 2007). Hope 2018 cover crops 
were seeded on 10/11/2017 and Hope 2019 cover crops were seeded on 9/13/2018. Kibler 2018 
cover crops were seeded on 10/6/2017 and Kibler 2019 cover crops were seeded on 9/11/2018.  
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Table 2. Pesticides and application rates. 
Pesticide 
Active 
Ingredient 
Rate 
Application 
Method 
Application 
Schedule 
Ridomil Gold® SL 
Fungicide 
Mefenoxam 1.4-2.8 L/ha Drip irrigation 
At plant; 25-30 
days after plant 
Bravo® C/M 
Fungicide/Bactericide 
Chlorothalonil 
and Copper 
Oxychloride 
9 kg/ha Foliar spray Every 14 days 
Bravo Weather Stik® 
Fungicide 
Chlorothalonil 2.1-2.8 L/ha Foliar spray Every 14 days 
Kocide®3000 
Fungicide/Bactericide 
Copper 
Hydroxide 
0.7-1.7 L/ha Foliar spray Every 14 days 
Sevin® XLR Plus 
Insecticide 
Carbaryl 2.3 L/ha Foliar spray 
If cucumber 
beetle threshold 
is met 
 
  
102 
Table 3. Kibler, AR 2018 watermelon disease severity by cover crop treatment during early 
growing season, late growing season, and at harvest showing mean percent overall disease and 
occurring diseases (NSD, P > 0.05).  
Growth Stage Cover Crop Treatment 
Mean % 
Overall 
Disease 
+ 
Standard 
Error 
Occurring Diseases 
Early Growing Season  Black Oats 2.40 0.68 Angular Leaf Spot 
(Beginning to go to Vine) Cereal Rye 3.80 0.73 Angular Leaf Spot 
 Winter Wheat 2.00 0.77 Angular Leaf Spot 
 Austrian Pea 1.00 0.00 Angular Leaf Spot 
 Black Oats + Austrian Pea 1.80 0.20 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 1.60 0.24 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 1.00 0.00 Angular Leaf Spot 
 Crimson Clover 1.00 0.00 Angular Leaf Spot 
 Black Oats + Crimson Clover 1.40 0.24 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
2.00 0.77 Angular Leaf Spot 
 Mustard 1.20 0.20 Angular Leaf Spot 
 Control (no cover crops) 1.00 0.00 Angular Leaf Spot 
Late Growing Season  Black Oats 13.00 3.39 Angular Leaf Spot 
(Flowering) Cereal Rye 5.00 1.38 Angular Leaf Spot 
 Winter Wheat 7.00 1.22 Angular Leaf Spot 
 Austrian Pea 1.80 0.37 Angular Leaf Spot 
 Black Oats + Austrian Pea 4.00 0.63 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 5.80 2.33 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 7.40 2.29 Angular Leaf Spot 
 Crimson Clover 6.40 1.57 Angular Leaf Spot 
 Black Oats + Crimson Clover 7.60 1.50 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
8.00 1.22 Angular Leaf Spot 
 Mustard 10.00 1.58 Angular Leaf Spot 
 Control (no cover crops) 1.00 0.00 Angular Leaf Spot 
Harvest (Mature Fruit) Black Oats 2.00 0.32 Angular Leaf Spot 
 Cereal Rye 2.40 0.24 Angular Leaf Spot 
 Winter Wheat 1.40 0.24 Angular Leaf Spot 
 Austrian Pea 2.40 0.40 Angular Leaf Spot 
 Black Oats + Austrian Pea 1.80 0.20 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 1.80 0.37 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 1.80 0.20 Angular Leaf Spot 
 Crimson Clover 1.20 0.20 Angular Leaf Spot 
 Black Oats + Crimson Clover 2.20 0.37 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
1.20 0.20 Angular Leaf Spot 
 Mustard 1.20 0.20 Angular Leaf Spot 
 Control (no cover crops) 1.00 0.00 Angular Leaf Spot 
*Early growing season disease data was collected on 5/22/2018 when watermelon was in 
seedling stage or just beginning to go to vine. Late growing season disease data was collected on 
6/14/2018 when watermelon was flowering. Harvest disease data was collected on 7/19/2018 
when watermelons were mature. 
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Table 4. Kibler, AR 2019 watermelon disease severity by cover crop treatment during early 
growing season, late growing season, and at harvest showing mean percent overall disease and 
occurring diseases (NSD, P > 0.05). 
Growth Stage Cover Crop Treatment 
Mean % 
Overall 
Disease 
+ 
Standard 
Error 
Occurring Diseases 
Early Growing Season  Black Oats 4.40 2.32 Angular Leaf Spot 
(Beginning to go to Vine) Cereal Rye 2.00 2.00 Angular Leaf Spot 
 Winter Wheat 4.00 2.00 Angular Leaf Spot 
 Austrian Pea 1.00 1.00 Angular Leaf Spot 
 Black Oats + Austrian Pea 4.00 1.87 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 2.00 2.00 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 3.00 2.92 Angular Leaf Spot 
 Crimson Clover 3.00 2.00 Angular Leaf Spot 
 Black Oats + Crimson Clover 5.40 3.03 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
1.00 1.00 Angular Leaf Spot 
 Mustard 2.00 2.00 Angular Leaf Spot 
 Control (no cover crops) 0.40 0.40 Angular Leaf Spot 
Late Growing Season  Black Oats 3.20 0.73 Angular Leaf Spot 
(Flowering) Cereal Rye 2.40 0.24 Angular Leaf Spot 
 Winter Wheat 1.00 0.98 Angular Leaf Spot 
 Austrian Pea 1.00 0.63 Angular Leaf Spot 
 Black Oats + Austrian Pea 1.00 0.63 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 0.40 0.40 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 3.60 0.63 Angular Leaf Spot 
 Crimson Clover 0.80 0.49 Angular Leaf Spot 
 Black Oats + Crimson Clover 0.00 0.00 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
1.00 0.63 Angular Leaf Spot 
 Mustard 4.60 1.44 Angular Leaf Spot 
 Control (no cover crops) 1.80 0.49 Angular Leaf Spot 
Harvest (Mature Fruit) Black Oats 0 0.00 Angular Leaf Spot 
 Cereal Rye 0.2 0.20 Angular Leaf Spot 
 Winter Wheat 0 0.00 Angular Leaf Spot 
 Austrian Pea 0 0.00 Angular Leaf Spot 
 Black Oats + Austrian Pea 0 0.00 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 0 0.00 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 0 0.00 Angular Leaf Spot 
 Crimson Clover 0 0.00 Angular Leaf Spot 
 Black Oats + Crimson Clover 0 0.00 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
0 0.00 Angular Leaf Spot 
 Mustard 0 0.00 Angular Leaf Spot 
 Control (no cover crops) 0.6 0.40 Angular Leaf Spot 
*Early growing season disease data was collected on 5/14/2019 when watermelon was in 
seedling stage or just beginning to go to vine. Late growing season disease data was collected on 
6/14/2019 when watermelon was flowering. Harvest disease data was collected on 7/12/2019 
when watermelons were mature. 
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Table 5. Hope, AR 2018 watermelon disease severity by cover crop treatment during early 
growing season, late growing season, and at harvest showing mean percent overall disease and 
occurring diseases (NSD, P > 0.05). 
Growth Stage Cover Crop Treatment 
Mean % 
Overall 
Disease 
+ 
Standard 
Error 
Occurring Diseases 
Early Growing Season  Black Oats 0.40 0.24 Angular Leaf Spot 
(Beginning to go to Vine) Cereal Rye 1.00 1.00 Angular Leaf Spot 
 Winter Wheat 0.20 0.20 Angular Leaf Spot 
 Austrian Pea 2.40 1.91 Angular Leaf Spot 
 Black Oats + Austrian Pea 0.80 0.58 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 2.00 1.22 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 2.60 1.94 Angular Leaf Spot 
 Crimson Clover 0.20 0.20 Angular Leaf Spot 
 Black Oats + Crimson Clover 0.00 0.00 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
1.40 0.98 Angular Leaf Spot 
 Mustard 0.20 0.20 Angular Leaf Spot 
 Control (no cover crops) 0.80 0.58 Angular Leaf Spot 
Late Growing Season  Black Oats 2.80 1.80 Angular Leaf Spot 
(Flowering) Cereal Rye 1.00 0.00 Angular Leaf Spot 
 Winter Wheat 3.00 0.89 Angular Leaf Spot 
 Austrian Pea 1.80 0.49 Angular Leaf Spot 
 Black Oats + Austrian Pea 1.40 0.40 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 1.40 0.40 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 3.20 1.74 Angular Leaf Spot 
 Crimson Clover 1.80 0.80 Angular Leaf Spot 
 Black Oats + Crimson Clover 1.80 0.49 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
1.00 0.00 Angular Leaf Spot 
 Mustard 1.40 0.40 Angular Leaf Spot 
 Control (no cover crops) 1.40 0.40 Angular Leaf Spot 
Harvest (Mature Fruit) Black Oats 6.60 2.62 Angular Leaf Spot 
 Cereal Rye 9.80 3.56 Angular Leaf Spot 
 Winter Wheat 8.20 2.33 Angular Leaf Spot 
 Austrian Pea 14.60 3.83 Angular Leaf Spot 
 Black Oats + Austrian Pea 12.60 3.64 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 9.40 4.62 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 10.40 3.26 Angular Leaf Spot 
 Crimson Clover 9.40 2.62 Angular Leaf Spot 
 Black Oats + Crimson Clover 8.40 2.25 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
11.40 3.39 Angular Leaf Spot 
 Mustard 11.60 4.53 Angular Leaf Spot 
 Control (no cover crops) 7.20 1.71 Angular Leaf Spot 
*Early growing season disease data was collected on 5/30/2018 when watermelon was in 
seedling stage or just beginning to go to vine. Late growing season disease data was collected on 
6/19/2018 when watermelon was flowering. Harvest disease data was collected on 7/11/2018 
when watermelons were mature. 
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Table 6. Hope, AR 2019 watermelon disease severity by cover crop treatment during early 
growing season, late growing season, and at harvest showing mean percent overall disease and 
occurring diseases (NSD, P > 0.05). 
Growth Stage Cover Crop Treatment 
Mean % 
Overall 
Disease 
+ 
Standard 
Error 
Occurring Diseases 
Early Growing Season  Black Oats 7.50 4.21 Angular Leaf Spot 
(Beginning to go to Vine) Cereal Rye 3.50 1.19 Angular Leaf Spot, 
Gummy Stem Blight 
 Winter Wheat 3.50 0.87 Angular Leaf Spot 
 Austrian Pea 1.75 0.48 Angular Leaf Spot 
 Black Oats + Austrian Pea 1.50 0.29 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 2.25 0.48 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 1.75 0.48 Angular Leaf Spot 
 Crimson Clover 3.00 1.15 Angular Leaf Spot 
 Black Oats + Crimson Clover 3.75 1.11 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
3.00 0.00 Angular Leaf Spot 
 Mustard 1.50 0.29 Angular Leaf Spot 
 Control (no cover crops) 3.50 0.50 Angular Leaf Spot 
Late Growing Season  Black Oats 1.75 1.11 Angular Leaf Spot 
(Flowering) Cereal Rye 2.00 0.41 Angular Leaf Spot 
 Winter Wheat 3.25 0.63 Angular Leaf Spot 
 Austrian Pea 3.50 1.19 Angular Leaf Spot 
 Black Oats + Austrian Pea 3.00 0.82 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 4.00 1.78 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 4.00 1.29 Angular Leaf Spot 
 Crimson Clover 3.50 0.87 Angular Leaf Spot 
 Black Oats + Crimson Clover 2.75 1.44 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
1.50 0.65 Angular Leaf Spot 
 Mustard 4.00 0.58 Angular Leaf Spot 
 Control (no cover crops) 1.25 0.25 Angular Leaf Spot 
Harvest (Mature Fruit) Black Oats 5.00 0.82 Angular Leaf Spot 
 Cereal Rye 8.75 2.53 Angular Leaf Spot 
 Winter Wheat 13.75 1.25 Angular Leaf Spot 
 Austrian Pea 13.00 2.86 Angular Leaf Spot 
 Black Oats + Austrian Pea 12.50 3.23 Angular Leaf Spot 
 Cereal Rye + Austrian Pea 14.75 5.42 Angular Leaf Spot 
 Winter Wheat + Austrian Pea 14.50 4.50 Angular Leaf Spot 
 Crimson Clover 10.50 1.66 Angular Leaf Spot 
 Black Oats + Crimson Clover 13.75 3.75 Angular Leaf Spot 
 Black Oats + Austrian Pea + 
Mustard 
9.25 2.17 Angular Leaf Spot 
 Mustard 10.00 3.54 Angular Leaf Spot 
 Control (no cover crops) 8.75 1.25 Angular Leaf Spot 
*Early growing season disease data was collected on 5/16/2019 when watermelon was in 
seedling stage or just beginning to go to vine. Late growing season disease data was collected on 
6/26/2019 when watermelon was flowering. Harvest disease data was collected on 7/11/2019 
when watermelons were mature.  
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Chapter 4: Using Cover Crops to Promote Pollinators in Watermelon Production 
Abstract 
Pollination is essential to many agricultural crops including watermelon. Both the domesticated 
honey bee and native bees are important in providing these pollination services. Pollinators are 
currently threatened globally, and experiencing population decline due to multiple factors 
including agricultural intensification, urbanization, and global warming. Efforts to help promote 
and conserve pollinators are important to investigate in light of these circumstances. Flowering 
winter cover crops can benefit pollinators by providing early season resources to help support 
pollinator populations before many other floral resources are available. This two-year study 
sought to investigate several flowering winter cover crops and determine how they impact bee 
abundance and diversity in a watermelon production system. Major factors impacting the results 
were whether the cover crop survived the winter, flowered before termination, and the floral 
density. In the first year of this study, mustard was found to be the most beneficial cover crop for 
pollinators of those investigated showing increased pollinator diversity and abundance. However, 
in the second year of the study, most of the mustard was winter-killed. When bees were sampled 
during watermelon bloom, cucurbit specialists were much more abundant in the field than honey 
bees. Been abundance was found to be numerically greater in brassica cover crops compared to 
Austrian pea, suggesting a possible pollinator preference for a more open type of flower. In the 
future, additional replicated trials should be conducted to confirm these results.   
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Introduction 
 Pollination services are essential to our world and necessary to produce three fourths of 
all food crops (Ingram, Buchmann, & Nabhan, 2002). Apis mellifera (Linnaeus, 1758), the 
European honey bee is a well-known and important pollinator, especially in agriculture. Hives 
are easily managed and transported to agricultural fields when needed. Because of this, the honey 
bee is generally referred to as a domesticated bee. In addition to the honey bee, there are over 
20,000 bee species in the world and over 4,000 in the U.S. alone (Wilson & Carril, 2015). The 
rest of the bee species are typically known as wild bees and the majority, with the exception of 
bumblebees and a few other species, are solitary, meaning they create individual nests rather than 
nesting in hives (Wilson & Carril, 2015; Marks, 2005). Wild bees are non-domesticated and 
include species native to North America and introduced exotic species. Both honey bees and 
wild bees are in a global population decline and the world may soon face a pollination crisis 
(Ingram, Buchmann, & Nabhan, 2002).  
A key driver for honey bee decline is colony collapse disorder. Colony collapse disorder 
is believed to be caused by several contributing factors such as parasitic mites, viruses, 
pesticides, and climate change (Wilson & Carril, 2015). Major drivers that effect not only honey 
bees but also wild bees as well are habitat fragmentation due to urbanization and agricultural 
intensification, climate change, increasing disease and parasites, and pollution (Mader et al., 
2011; Marks, 2005; Ingram, Buchmann, & Nabhan, 2002). Much attention has been brought to 
populations declines of pollinators in recent years, which has highlighted the importance of 
efforts to conserve and promote their health and diversity. Numerous studies suggest that species 
of native bees could provide insurance against pollination services lost from honey bee colony 
collapse disorder and other factors. For example, it is predicted that climate warming could 
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reduce commercial honey bee pollination services up to 14.5% due to a decrease in pollination 
activity under non-optimal temperatures (Rader et al., 2013). However, not all pollinator species 
would respond in the same way; it is expected that the loss of honey bee activity due to climate 
warming would be buffered by an overall increase in native bee pollination services (Rader et al., 
2013). 
Pollinator Conservation in Agricultural Systems 
There is a good deal that can be done to help conserve and promote pollinators, especially 
in an agricultural setting. Wild pollinators cannot be expected to drastically increase population 
sizes instantaneously, thus it is important to practice pollinator friendly management strategies to 
help support pollinator health over the long term (Nicholls & Altieri, 2013). Integrating floral 
resources into the agricultural system and surrounding area, reduced tillage, and limited or 
targeted pesticide usage are examples of such strategies (Nicholls & Altieri, 2013).   
In temperate climates, bees are dormant over the winter and begin emerging to seek out 
food sources in the early spring (Nicholls & Altieri, 2013). Flight time, or the time during which 
bees are actively out collecting resources to provision their nests, varies by bee species and can 
range from February to late fall (Wilson & Carril, 2015). For this reason, it is important to 
provide floral resources throughout the season and ensure that a food source is always in bloom 
in the agricultural landscape to support bees, especially early on before a cash crop is planted 
(Nicholls & Altieri, 2013). Floral diversity favors a greater diversity of pollinators (Nicholls & 
Altieri, 2013). Supporting greater pollinator diversity may allow for greater overall pollination 
services (Pisanty et al., 2016). It is common for bee populations to vary by year and may be 
attributed to the availability of floral resources in the previous year (Potts et al, 2003; Williams, 
Minkley, & Silveira, 2001).  
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The majority of native bees are ground nesters, tunneling into the ground to construct 
their nests and lay their eggs (Marks, 2005). Tillage can negatively impact ground nesting bees 
by destroying these nests or burying them so that it is more difficult for adult bees to emerge, 
therefore, using no-till or minimal tillage systems could promote their abundance and health 
(Nicholls & Altieri, 2013). Broad-spectrum insecticides can be potentially harmful to bees. 
Using integrated pest management tactics and scouting for pests so that insecticides are only 
applied if pest thresholds are reached can help minimize pesticide use and may reduce the threat 
to pollinator health (Mader et al., 2011). There may also be pesticide label recommendations that 
suggest to avoid application during bloom and hours when pollinators are most active (Mader et 
al., 2011). More targeted bee-friendly pesticides are also being released and should be used when 
appropriate. 
Importance of Pollinators in Watermelon Production 
Pollination services are required for watermelon production, and watermelons have 
demanding pollination requirements in comparison to most pollinator-dependent crops (Winfree 
et al., 2007). They are monoecious, meaning they have separate male and female flowers on the 
same plant, although there is a higher ratio of male flowers to female flowers (Andersen, 2011). 
Each flower is only active for one day (Andersen, 2011). Flowers open within a couple hours 
following sunrise and will close in the afternoon (Andersen, 2011). The critical pollination 
period is between the time the flower opens and noon (Andersen, 2011). In order to set a 
marketable fruit, watermelon flowers require multiple visits by pollinators to transfer an 
adequate number of pollen grains (Winfree et al., 2007). Bees are the primary watermelon 
pollinators (Andersen, 2011). Growers often bring in honey bee hives to pollinate watermelon 
crops, however, honey bees are not the only efficient cucurbit pollinators. Commercial 
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bumblebee colonies have been found to be comparable to honey bees in their efficiency in 
watermelon pollination (Stanghellini, Ambrose, & Schultheis, 1998).  
Other important players in cucurbit pollination are two native bee species, Peponapis 
pruinosa (Say, 1837) and Xenoglossa strenua (Cresson, 1878). The genera Peponapis and 
Xenoglossa, often referred to as squash and gourd bees, are cucurbit specialists that rely nearly 
solely on cucurbits for resources (Hurd, Linsley, & Whitaker, 1971). Coevolution has developed 
their mouth parts, body size, behavior, and floral preferences to align well with cucurbit flowers, 
thus making them very efficient pollinators (Wilson & Carril, 2015; Hurd, Linsley, & Whitaker, 
1971). The squash bees are solitary ground nesters and may be at risk from tillage (Wilson & 
Carril, 2015). Peponapis pruinosa is the most common squash bee throughout the United States 
(Wilson & Carril, 2015).  
Peponapis pruinosa tunnels 9 to 69 cm into the soil to nest, and most nests are found 
within 16 to 30 cm below the soil surface (Hurd, Linsley, & Michelbacher, 1974). Tillage depth 
may disturb soil 15 to 30 cm deep, which may threaten P. pruinosa nests and survival of 
diapausing larvae from the previous season (Esther Julier & Roulston, 2009). There is evidence 
that suggests tillage can decrease survival of P. pruinosa offspring and delay emergence of those 
that survive (Ullmann, Meisner, & Williams, 2016). Delayed emergence could negatively impact 
pollination services if their emergence no longer coincides with the bloom time of a crop to 
provide food resources (Ullmann, Meisner, & Williams, 2016). Shuler, Roulston, and Farris 
(2005) looked into the relation between farming practices and pollinators naturally occurring in 
squash and pumpkin farms. Peponapis pruinosa was found to be the most abundant pollinator 
across all farms and was three times greater in no-till systems in comparison to tilled systems 
(Shuler, Roulston, & Farris, 2005). However, Esther Julier and Roulston (2009) studied the 
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pollination services of wild bees in pumpkin production in which P. pruinosa was very abundant 
and found that P. pruinosa preferred to nest within the crop rows and that tillage did not seem to 
have a negative impact (Esther Julier & Roulston, 2009). 
Because watermelon is a crop with high pollination requirements, it has been used as a 
model in multiple studies investigating whether wild pollinators can provide pollination services 
comparable to that of honey bees (Winfree et al., 2007; Kremen, Williams, and Thorp, 2002). If 
native bees proved adequate in supplying the demanding pollination needs of watermelon, it is 
believed they could be sufficient for other pollinator-dependent crops (Kremen, Williams, and 
Thorp, 2002). Winfree et al. (2007) compared watermelon pollination services of honey bees and 
native bee species at several Pennsylvanian watermelon farms and found native bees to be the 
more efficient pollinators. The results of this study indicated that the native bees would have 
been able to provide the necessary pollination services even in the absence of honey bees 
(Winfree et al., 2007). Kremen, Williams, and Thorp (2002) examined native bee pollination 
services in relation to agricultural intensification on watermelon farms in California. They found 
that the agricultural intensification seemed to coincide with decreasing native bee abundance and 
diversity, which led to pollination services insufficient to produce marketable yield (Kremen, 
Williams, & Thorp, 2002). Based on these studies, it seems that while native bees may have 
potential to sufficiently pollinate watermelons, this greatly depends on the management of the 
system and native bee populations supported in the area. 
Cover Crops for Pollinator Promotion 
Integrating flowering plants into agricultural systems can benefit pollinators and support 
populations before the cash crop is in bloom. Blaauw and Isaacs (2014) found that planting a 
mixture of wild flowers near blueberry fields to maintain a season-long bloom increased wild bee 
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and syrphid fly populations in the field. They also saw increases in crop yield three years after 
planting the wildflowers, which may have been the result of increasing wild pollinator 
populations over time (Blaauw & Isaacs 2014). Ellis and Barbercheck (2015) found that using 
flowering cover crops could help attract a greater diversity of bee species. 
Flowering winter cover crops can be an excellent resource for early emerging pollinators. 
Flowering broad leaf cover crops are best for pollinator promotion because grasses do not offer 
nectar and have pollen with less nutritional value (Lee-Mader et al., 2015). There are several 
factors to take into account when selecting a flowering cover crop. One factor is bloom time. In 
order to provide a good nectar and pollen source, the cover crop must flower before cover crops 
have to be terminated for the following cash crop. In an organic field corn system, Ellis and 
Barbercheck (2015) found that of their cover crop treatments, canola was successful as a 
pollinator resource because it flowered before it was necessary to terminate the cover crops while 
Austrian winter pea and red clover did not. It is also important that the cover crop is locally 
adapted and is not winter-killed. Essentially, flowering time and success of the winter cover crop 
is dependent on geographic location, local adaptation, and weather conditions during its growth.  
Another factor is the type of flowering cover crops that are used. Not all flower structures 
are equal, and the type of flower often dictates which species of bees are able to access the nectar 
and pollen, also known as floral rewards. There are two categories of bees: short tongued and 
long tongued (Wilson & Carril, 2015). The tongue length and other factors like body size and 
behavior determine which type of flowers bees can access. Brassica flowers such as canola are 
more open, allowing most pollinators access, whereas pea flowers are more closed off and only 
accessible to more specialized bees (Ellis & Barbercheck, 2014). Ellis and Barbercheck (2015) 
demonstrated that when red clover, Austrian pea, and canola all successfully flowered, 
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significantly more bees visited the canola. Although, a mixture of multiple flowering cover crop 
species with different flower types, including open flower types, may provide resources for a 
greater diversity of bees (Ellis & Barbercheck, 2014; Mader et al., 2011). 
Yet another factor to consider when choosing a flowering cover crop is flower density. 
Ellis and Barbercheck (2015) found that flower density was the main factor affecting bee 
populations and floral visitation. Higher flower density generally favors bee visitation (Ellis & 
Barbercheck, 2014). It is becoming more popular to use grass and legume cover crop mixtures. If 
using a mixture of a legume and a grass cover crop, the legume may provide floral resources for 
pollinators, but it would not be as beneficial to the pollinators as would a monoculture of the 
flowering legume with greater floral density (Ellis & Barbercheck, 2014). Ultimately, the cover 
crops chosen will depend on the benefits desired from them for the next cash crop, but the 
inclusion of a flowering cover crop will likely help to promote pollinators to some extent. 
The goal of this study was to determine which flowering winter cover crops or cover crop 
mixtures of the ones being investigated best support bee populations in the springtime before 
watermelons are planted. It also sought to evaluate the diversity of bees found in Arkansas 
watermelon production systems. 
 
Methods 
Research Sites and Plot Setup 
Research was conducted at three field locations. The locations included the Vegetable 
Research Center located in Kibler, AR(35.3791°N, 94.2333°W), the Southwest Research and 
Extension Center located in Hope, AR (33.7107°N, 93.5573°W), and the Arkansas Agricultural 
Research and Extension Center located in Fayetteville, AR (36.0992°N, 94.1789°W). The 
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locations will be referred to as Kibler, Hope, and Fayetteville respectively. Plot set up and 
treatments varied by location. 
Both the Kibler and Hope locations had 5 replications of 12 treatments in a randomized 
complete block design. Hope plots were 3.7 m by 9.1 m with 3.0 m allies between blocks and 1.5 
m allies between treatments. Kibler plots were 3.7 m by 9.1 m with 3.0 m allies between blocks 
and no allies between treatments. The 12 cover crop treatments consisted of black oats 
(Avena strigosa Schreb), cereal rye (Secale cereale L.), winter wheat (Triticum aestivum L.), 
Austrian pea (Pisum sativum subsp. arvense L.), crimson clover (Trifolium incarnatum L.), 
Austrian pea with black oats, Austrian pea with cereal rye, Austrian pea with winter wheat, 
crimson clover with black oats, mustard (Sinapis alba L.), and a mix of mustard, Austrian pea 
and black oats, as well as a control with no cover crops (Table 1). Cover crop treatments were 
chosen based on cover crop species popular amongst Arkansas growers and well-adapted for the 
southeastern U.S. (Roberts et al., 2018; Clark, 2007). Cover crop seed was sourced from 
Southern Soil Solutions Inc. (Clarendon, AR).  
Plots were established when cover crop seeds were hand broadcasted uniformly 
throughout the plots between mid-September and early October (Table 1). Seeding rates for 
cover crops in mixtures were adjusted based on standard recommendations for mixtures (Clark, 
2007). Prior to planting, Austrian pea and crimson clover seed was inoculated with nitrogen-
fixing rhizobia bacteria (Graph-Ex SA™, ABM®, Van Wert, OH), as is standard for legume cover 
crops in order to ensure they attain their full potential for nitrogen fixation (Clark, 2007). 
Austrian pea seed was broadcast first and raked in due to a deeper planting depth requirement. 
After all seed was broadcast, it was irrigated in. Cover crops were not irrigated after 
establishment. 
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Fayetteville had 4 replications of 7 treatments set up in a randomized complete block 
design. The treatments included a control with no cover crops, mustard (Sinapis alba L.), canola 
(Brassica napus L.), Austrian pea (Pisum sativum subsp. arvense L.), mustard with canola, 
mustard with Austrian pea, and canola with Austrian pea (Table 2). The plots each measured 9.1 
m by 4.3 m separated by 1.5 m allies. As with Hope and Kibler, cover crop seeds were hand 
broadcast and uniformly distributed throughout the plots in the fall. The Austrian pea was 
inoculated and broadcast first. Following the Austrian pea, the field was rolled to fulfill its 
deeper planting depth requirement. The canola and mustard seeds were left on the soil surface 
and watered in with sprinkler irrigation after plant.  
Cover Crop Termination 
 Cover crops were terminated in the spring approximately two weeks before transplanting 
the watermelon. Hope cover crops were terminated by strip-tillage. The cover crops were mowed 
down in the center of the plot, leaving strips of cover crop standing on the sides. The mowed 
cover crops were then tilled into the soil and a raised bed was formed. Beds were covered with 
black plastic mulch and drip tape was laid under the plastic down the center of the bed. Kibler 
cover crops were no-till terminated by roller crimper followed by an application of glyphosate 
(Cornerstone® Plus by WinField® United, St. Paul, MN). Cover crop residue was then left on the 
soil surface. Fayetteville cover crops were not terminated because watermelons were not to be 
planted at this site. 
Watermelon Production 
 After cover crop termination, drip irrigation line was placed down the center of 
the plots at Kibler. Watermelon transplants were grown from seed in the greenhouse. Transplants 
of the cultivar ‘Jubilee’ were transplanted on 4/30/18 in Hope 2018, 4/24/19 in Hope 2019, 
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4/20/18 in Kibler 2018, and 4/23/19 in Kibler 2019. ‘Jubilee’ watermelon seed was sourced from 
Sustainable Seed Company (Chico, CA) for the 2018 season and NeSeed™ (Hartford, CT) for 
2019. Hope transplants were planted into raised beds while Kibler transplants were planted 
directly into the cover crop residue or on bare ground in control plots along the drip tape. 
Transplants were spaced 0.9 m apart with 9 plants per plot.  In Kibler 2018, ‘Jubilee’ transplants 
died and the field was replanted with transplants of the cultivar ‘790’ on 5/9/18 in Kibler 2018. 
Watermelons were not planted at the Fayetteville location.  
Krista™ K soluble potassium nitrate fertilizer (Yara, Tampa, FL) was drip applied per 
recommendations listed in the Southeastern Vegetable Crop Handbook (Kemble et al., 2019). 
Pesticide application was minimal (Table 3). Ridomil Gold® SL (Syngenta®, Wilmington, DE) 
was applied through the drip tape at transplant and again 30 days later. A fungicide spray 
program was utilized in which either Bravo® C/M (Fermenta Plant Protection Company, 
Painesville, OH) or Bravo Weather Stik® (ADAMA, Raleigh, NC) with Kocide®3000 (Certis 
USA, Columbia, MD) per labeled rates were applied every 14 days. About two applications were 
made each year. Insecticides were to be applied if a major pest outbreak threatened yield and 
were not necessary. Rally® (Corteva™, Wilmington, DE) and Inspire Super® (Syngenta®, 
Wilmington, DE) for powdery and downy mildew were on hand if outbreaks of these diseases 
had occurred but were not needed.  
Pollinator Sampling Technique 
Pollinator sampling took place in both the 2018 and 2019 field seasons. Locations and 
cover crop treatments sampled varied between the years; however, the sampling technique 
remained consistent. Pollinators were sampled passively using blue vane traps (OakStump 
Farms® blue vane trap, SpringStar® Inc., Woodinville, WA), which has been shown by Stephen 
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and Rao (2007) to be an efficient sampling technique for studies on bee diversity in the presence 
of floral resources. One vane trap wired at approximately bloom height to a u-post was placed at 
the center of each of the sampled plots. Vane traps were filled approximately one-third of the 
way full with soapy water. Soapy water was mixed by the gallon using about 3 drops of 
unscented dish soap (Dawn® Ultra Free & Gentle, Procter & Gamble Company, Cincinnati, OH) 
as a surfactant. Traps were only set during periods without precipitation or harsh weather 
conditions that may have impacted pollinator visitation or disturbed the traps. Samples were 
dumped into a strainer and insects were transferred to 70% ethanol for storage until they could be 
processed. 70% ethanol is the standard fluid used to preserve insect samples (Triplehorn & 
Johnson, 2005).  
2018 Kibler Pollinator Sampling 
Pollinators were sampled at Kibler in 2018 before cover crop termination and during 
watermelon bloom. The only cover crop to flower before termination was mustard treatments, 
thus only three treatments were sampled: the control with no cover crops, the mustard treatment, 
and the mustard/Austrian pea/black oats treatment. Cover crops were sampled twice before 
termination with sampling dates approximately two weeks apart. During sampling, all mustard 
was flowering. Pollinators were also sampled twice approximately two weeks apart when the 
watermelon was in bloom. Traps were set for 48 hours during each sampling date.  
2019 Hope Pollinator Sampling 
 Pollinator sampling took place once, during which the vane traps were set in all 
treatments for approximately 24 hours. Traps were only set for 24 hours due to weather and time 
constraints. This sample occurred one day after cover crops had been terminated via strip-tilling. 
Vane traps were set up in the center of each plot about 0.6 m away from cover crops left standing 
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on either side. If blooms were present, vane traps were wired at about bloom height. If no blooms 
were present, vane traps were wired at approximately average bloom height about 0.6 m off the 
ground.  
2019 Fayetteville Pollinator Sampling 
The study set in Fayetteville at the Arkansas Agricultural Research and Extension Center 
was solely for the purpose of looking at the effect of different flowering winter cover crops on 
pollinators and watermelon was not planted. Pollinators were sampled in the spring when the 
cover crops were in full bloom. Approximate percentages of flowering cover crops within each 
plot were noted. The vane traps were set for approximately 48 hours during each sample. Traps 
were sampled twice with the two sampling dates about two weeks apart.  
Data Analysis 
From the insect samples collected from the vane traps, bees were sorted out and 
identified to genus using the Discover Life Bee Genera guide (https://www.discoverlife.org).  
Mean bee abundance and mean bee richness for each treatment was calculated and compared 
using SAS® 9.4 (SAS Institute Inc., Cary, NC) ANOVA by PROC GLIMMIX and means 
separation by least squares. Richness is a measure of diversity equivalent to the number of 
different genera. 
 
Results 
2018 Kibler Pollinator Sampling 
Kibler pollinator samples during cover crop bloom were timed so that there was no 
precipitation during two 48-hour sampling periods. Mustard was the only cover crop to bloom 
before termination, thus the only treatments to be sampled were the mustard, the mustard with 
Austrian pea and black oats, and the control with no cover crops. The two cover crop pollinator 
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samples resulted in a total of 136 bees representing 5 genera with over 70% of bees being 
members of Andrena (Fabricius) and Lasioglossum (Curtis) (Table 4). Honey bees, or Apis 
mellifera (Linnaeus, 1758), were also fairly common, representing about 26% of all bees 
collected (Table 4). Analysis of variance and means separation revealed mean bee abundance 
varied significantly by treatment during the second sampling date (F = 3.51; P = 0.0459; Figure 
1) The mustard treatment (mean = 8.20; P < 0.0001) had significantly greater mean bee 
abundance in comparison to the control with no cover crops (mean = 2.00; P = 0.0383) (Figure 
1). There was greater mustard density in mustard-only plots and consequently greater floral 
density as well. 
During watermelon bloom, pollinator sampling occurred twice and yielded 2,565 total 
bees with representatives of 18 different genera (Table 5). The cucurbit specialists, Peponapis 
pruinosa (Say, 1837) and Xenoglossa strenua (Cresson, 1878), were fairly common with total 
counts of 414 representing 16% of all bees and 115 representing 4% of all bees respectively 
(Table 5). The honey bee was uncommon with only 5 collected between both sampling dates, 
accounting for approximately 0.2% of all bees (Table 5). Mean bee abundance and richness by 
cover crop treatment during watermelon bloom was not included in the results as the cover crops 
had been completely terminated well before the watermelon bloomed and current bee 
populations were unlikely to be affected by the treatments. 
2019 Hope Pollinator Sampling 
A 24-hour vane trap pollinator sample was taken once at the Hope research station. The 
traps were set at noon and weather was partly cloudy with temperatures ranging from 20 to 26 
degrees Celsius. The sample was taken just after cover crops had been strip-tilled, however cover 
crops were still left standing at the sides of the plots. Mustard had been mostly winter-killed; the 
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few mustard plants that remained at the time of the sample was fully in bloom. Crimson clover 
treatments produced abundant blooms, and it was present as a weed in other areas of the field. 
All crimson clover was in full bloom. In treatments containing Austrian pea, approximately 50% 
was in bloom. Few active bees were observed in the field at the times when traps were set and 
samples were collected. Overall bee abundance and diversity were found to be low (Table 6). 
Only 21 bees representing 5 genera were collected, of which approximately 80% were solitary 
sweat bees (Family: Halictidae) (Table 6).  There was no significant difference in mean bee 
abundance by treatment (Figure 2). 
2019 Fayetteville Pollinator Sampling 
 The Fayetteville cover crop treatments were sampled twice during the time that cover 
crops were in bloom. Because termination was not necessary, sampling was timed to occur when 
all cover crops were flowering. Sampling occurred for 48-hour periods during which there was 
no precipitation. Rain prior to sampling had saturated the ground. The soil in the field appeared 
compacted. Crimson clover was present throughout the field at the time of sampling but was no 
longer in bloom. All mustard in the cover crop treatments had been winter-killed. Canola and 
Austrian pea were in full bloom. Cover crop densities varied but were fairly consistent by 
treatment (Table 7). When present, Austrian pea seemed to dominate the plots. Canola 
overwintered well and had fairly good coverage in treatment by itself. Control plots contained 
weeds, some of which were in bloom. 
 Over both sampling dates, a total of 274 bees were collected, representing 12 genera. The 
most common genera representing approximately 75% of all bees included Augochlorella 
(Sandhouse), Melissodes (Latreille), Lasioglossum (Curtis), and Ceratina (Latreille), which are 
solitary and often active early in the season (Table 8). Mean bee abundance varied significantly 
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between the cover crop treatments (F = 5.03; P = 0.0006; Figure 3). The mustard (mean = 7.34; 
P < 0.0001), canola (mean = 6.42; P < 0.0001), and canola with mustard (mean = 5.70; P < 
0.0001) treatments showed significantly greater mean bee abundance compared to the treatments 
containing Austrian pea, but were not significantly greater than the control (mean = 5.23; P < 
0.0001) (Figure 3). The Austrian pea with canola (mean = 2.62; P < 0.0001) had significantly 
less mean bee abundance than the control with no cover crops (mean = 5.23; P < 0.0001) (Figure 
3). There was no significant difference between treatments for mean bee richness, which 
indicates that diversity was the same across all cover crop treatments in the field (Figure 4).  
 
Discussion 
In Kibler 2018, cover crop pollinator sampling occurred very early in the season and 
many bee species do not become active until summer, thus it was not expected to find a high 
diversity of bee genera (Wilson & Carril, 2015). The two most common genera, Lasioglossum 
and Andrena, are known to be found in early spring as they are in flight at this time (Wilson & 
Carril, 2015). It was not anticipated that the mustard would be the only cover crop to flower 
before termination. Factors such as a dry harsh winter, likely influenced this. In order for cover 
crops to serve as a floral resource for early pollinators, they must flower before termination. 
Whether or not the cover crops successfully flower depends greatly on the climate of the region 
and weather conditions, which could vary from year to year. Ellis and Barbercheck (2015) 
performed a similar study in which only canola flowered before termination was necessary. 
Planting date of the cover crop also plays a role in whether it flowers before termination (Ellis & 
Barbercheck, 2015). Without repeating this part of the study in multiple years, it is difficult to 
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say that mustard is the best option to guarantee a flowering cover crop before termination; 
however, in this case it proved true.  
During the second sampling date, the mustard-only treatment had bee abundance 
significantly greater than the control and numerically greater than the mustard mixture. The 
mustard treatment also had the greatest floral density in comparison to the mustard mix and the 
control. In previous studies, bee visitation was favored by greater floral density, which may have 
played a role in our findings as well (Ellis & Barbercheck, 2015; Ellis & Barbercheck, 2014). 
There was a significant difference in bee abundance amongst cover crop treatments during the 
second sample but not during the first. It is possible that despite this date being only about a 
week after the first sampling date, there may have been greater pollinator activity during the 
second sample because it was further along in the spring. Other factors such as weather may 
have contributed to this as well. 
 In comparison to the bees collected from the cover crops in Kibler 2018, the bee 
community seemed to explode during watermelon bloom at this location which was likely 
because many more bees had emerged and become active by this time. As a result, a much 
greater diversity of bee genera was present in the field. Peponapis pruinosa and Xenoglossa 
strenua were found in high numbers, especially compared to honey bees. These cucurbit 
specialists likely played an important role in watermelon pollination. These species are ground 
nesters and may have benefitted from the no-till system at Kibler (Nicholls & Altieri, 2013; 
Esther Julier & Roulston, 2009). Whereas the cucurbit specialists acquire floral resources nearly 
exclusively from cucurbits, honey bees are generalists and will visit most any type of flower 
indiscriminately (Wilson & Carril, 2015). Greater honey bee abundance in the cover crops in the 
spring may be explained by a scarcity of floral resources earlier in the season. It is possible that 
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during the summer there were sufficient floral resources in closer proximity to the honey bee 
hive, which would account for few honey bees collected in the field during watermelon bloom.  
 The 2019 Hope pollinator sample resulted in a very low abundance of bees. This could be 
the result of a variety of factors. It was fairly early in the season during the time of the sample 
before many bees were active (Wilson & Carril, 2015). Weather during the sampling period was 
not ideal; it was a cool and rainy spring, and traps could only be set for 24-hours before more 
rain was expected. Days prior to sampling had been rainy. The field had also been strip-tilled 
which eliminated a lot of the floral resources and also disturbed the soil, which may have 
impacted bees that had been nesting in the field (Nicholls & Altieri, 2013). In addition to poor 
weather conditions that likely had a negative impact on bee activity, the traps were placed in the 
center of the plots that had been tilled. Had the traps been placed at bloom height in the cover 
crops before termination, the trap results may have been higher and given a more accurate idea 
of bee populations and the effect of cover crops. Another issue attributing to the low abundance 
of bees may have been the presence of more appealing floral resources in greater density in the 
surrounding area; bees are more attracted to greater floral density (Ellis & Barbercheck, 2015; 
Ellis & Barbercheck, 2014). In this year, the mustard was winter-killed when warm winter days 
followed by freezes caused the mustard to begin to flower early and then die off. Although, the 
crimson clover had high floral density in Hope 2019. Nonetheless, strip-till termination greatly 
reduced the floral density in the field. 
In Fayetteville 2019, there was much better overall floral density in the field because 
cover crop termination was not necessary and sampling was delayed until all cover crops were in 
bloom. The greater floral density likely contributed to the abundance of bees in the field (Ellis & 
Barbercheck, 2015; Ellis & Barbercheck, 2014). As in Hope, mustard was also winter-killed in 
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Fayetteville; however, the other brassica, canola, survived. Even though the seeding rates were 
adjusted for the mixtures, Austrian pea appeared aggressive, especially in the absence of the 
winter-killed mustard. There were also flowering broadleaf weeds throughout the field. 
Moreover, it is important to note that Fayetteville’s soil appeared compacted and may not have 
been great for supporting ground nesters. Although, irrigation and rainfall should have made the 
soil easier to excavate/nest in and Fayetteville received a good deal of rain that season (Esther 
Julier & Roulston, 2009). 
With only one year of data, it is difficult to determine whether bee abundance in 
Fayetteville revealed preferences for certain cover crops. While the canola had significantly 
greater bee abundance than the Austrian pea and Austrian pea mixtures, the mustard treatments 
did as well, despite the mustard having been winter-killed. The canola and mustard treatments 
did not have significantly greater bee abundance than the control. It is possible that flowering 
weeds in the control and throughout the field played a role in these results. Nonetheless, when 
comparing the mustard and canola treatments to treatments with Austrian pea, numerically 
greater bee abundance was seen in cover crop treatments without the Austrian pea. Perhaps this 
indicates a preference for the canola or flowering weeds present in the mustard plots over the 
Austrian pea. Austrian pea flower structure is more closed off and only certain specialized bees 
can access the floral rewards (Ellis & Barbercheck, 2014). In comparison, brassica flowers are 
much more open and can be accessed by most types of bees (Ellis & Barbercheck, 2014). The 
data also showed that the genera richness did not vary by treatment. This finding demonstrates 
that the bee diversity was not likely impacted by cover crop treatment.  
Ultimately, this study must be replicated in the future before making any definitive 
conclusions about the best winter cover crops for pollinator promotion. Bee populations vary 
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from year to year and have been found to be affected by the resources available in the previous 
year, thus a study spanning multiple years is necessary to understand how bees are affected over 
time (Potts et al., 2003; Williams, Minkley, & Silveira, 2001). Steps could also be taken to 
improve this study. Active sampling during peak pollinator activity in addition to the passive 
sampling with vane traps could provide a more accurate representation of the pollinator 
community. In addition, vane traps may be biased toward certain bee species. The inclusion of 
other passive sampling traps such as bee bowls may be warranted. Care must also be taken to 
have the traps placed at bloom height in the flowering cover crops. Because bee flight range 
surpasses the plot sizes utilized in this study, data may have been affected by treatments being 
too close together and future studies may benefit from treatments greater distances apart. 
 
Conclusions 
 In summary, the results of this study demonstrated that flowering winter cover crops can 
provide early season resources for bees if they survive the winter and flower before cover crop 
termination. Whether cover crops flower before termination can be impacted by planting date 
and weather. Mustard in the year when it was not winter-killed and canola in the following year 
seemed to be attractive for a variety of bee genera. In the second year of the study, Austrian pea 
may have been less attractive; however, future replications of the study are necessary to confirm.  
Furthermore, the importance of native bees was highlighted when watermelon was 
sampled during bloom. The data show that honey bees were not likely a major contributor to 
watermelon pollination in this trial. Bees are the most important pollinators of watermelon and 
there is evidence that native bees can provide pollination services sufficient for the demanding 
pollination requirements of watermelon (Andersen, 2011; Kremen, Williams, and Thorp, 2002). 
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The abundance of native bees collected during watermelon bloom supports this claim. The 
cucurbit specialists found in high numbers were likely to have been important in providing 
pollination services as they are well adapted to access watermelon floral rewards (Wilson & 
Carril, 2015; Hurd, Linsley, & Whitaker, 1971). Growers should be aware that these specialists 
and many other native bees are ground nesters, often found nesting in or nearby the field. In 
addition to providing flowering cover crops as floral resources, steps can be taken to manage 
agricultural systems to better preserve bee habitat (Nicholls & Aliteri, 2013). In conclusion, a 
variety of factors like the survival of the cover crops, sampling techniques, weather, and other 
environmental conditions likely influenced these preliminary findings. As discussed, steps could 
be taken to improve upon this study and more accurately assess cover crops that might be used to 
promote pollinator populations.  
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Tables and Figures 
Table 1. Hope, AR and Kibler, AR cover crop treatments, seeding rates, and approximate 
planting depths. 
Treatment 
Broadcast Seeding 
Rates (kg/ha) 
Seed per 
Plot (g) 
Planting 
Depth (cm) 
Black Oats 
(Avena strigosa Schreb) 
112.09 362.87 1.91 
Cereal Rye 
(Secale cereale L.) 
112.09 362.87 1.91 
Winter Wheat 
(Triticum aestivum L.) 
100.88 326.58 1.91 
Austrian Pea 
(Pisum sativum subsp. Arvense L.) 
56.04 181.44 2.54 
Black Oats + Austrian Pea 56.04; 39.23 
181.43; 
127.00 
1.91; 2.54 
Cereal Rye + Austrian Pea 56.04; 39.23 
181.43; 
127.00 
1.91; 2.54 
Winter Wheat + Austrian Pea 50.44; 39.23 
181.43; 
127.00 
1.91; 2.54 
Crimson Clover 
(Trifolium incarnatum L.) 
130.45 43.54 1.27 
Black Oats + Crimson Clover 56.04; 8.97 
181.44; 
29.02 
1.91; 1.27 
Mustard (Sinapis alba L.) 5.60 18.14 0.64 
Black Oats + Austrian Pea + 
Mustard 
39.23; 28.02; 3.36 
127.00; 
90.7; 
10.89 
1.91; 2.54; 
0.64 
Control (no cover crops) n/a n/a n/a 
*Each plot is 33.45 square meters or 0.0032 hectare. Seeding rates for cover crop mixtures were 
adjusted based on standard recommendations for mixtures (Clark, 2007). Hope 2018 cover crops 
were seeded on 10/11/2017 and Hope 2019 cover crops were seeded on 9/13/2018. Kibler 2018 
cover crops were seeded on 10/6/2017 and Kibler 2019 cover crops were seeded on 9/11/2018. 
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Table 2. Fayetteville, AR cover crop treatments, seeding rates, and approximate planting depths. 
Treatment 
Broadcast Seeding 
Rates (kg/ha) 
Seed per 
Plot (g) 
Planting 
Depth (cm) 
Canola (Brassica napus L.) 11.21 45.36 0.64 
Mustard (Sinapis alba L.) 11.21 45.36 0.64 
Austrian Pea 
(Pisum sativum subsp. Arvense L.) 
56.04 226.90 2.54 
Mustard + Canola 9.53; 7.85 
38.56; 
31.75 
0.64; 0.64 
Austrian Pea + Mustard 44.83; 9.53 
181.44; 
38.56 
2.54; 0.64 
Austrian Pea + Canola 44.83; 7.85 
181.44; 
31.75 
2.54; 0.64 
Control (no cover crops) n/a n/a n/a 
*Each plot is 40.47 square meters or 0.0040 hectares. Seeding rates for cover crop mixtures were 
adjusted based on standard recommendations for mixtures (Clark, 2007). Cover crops were 
seeded on 9/14/2018. 
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Table 3. Pesticides and application rates. 
Pesticide 
Active 
Ingredient 
Rate 
Application 
Method 
Application 
Schedule 
Ridomil Gold® SL 
Fungicide 
Mefenoxam 1.4-2.8 L/ha Drip irrigation 
At plant; 25-30 
days after plant 
Bravo® C/M 
Fungicide/Bactericide 
Chlorothalonil 
and opper 
Oxychloride 
9 kg/ha Foliar spray Every 14 days 
Bravo Weather Stik® 
Fungicide 
Chlorothalonil 2.1-2.8 L/ha Foliar spray Every 14 days 
Kocide®3000 
Fungicide/Bactericide 
Copper 
Hydroxide 
0.7-1.7 L/ha Foliar spray Every 14 days 
Sevin® XLR Plus 
Insecticide 
Carbaryl 2.3 L/ha Foliar spray 
If cucumber 
beetle threshold 
is met 
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Table 4. Kibler, AR 2018 total counts and percentages of total bees for bee genera collected over 
two sample dates during cover crop bloom. 
Genus Count 
% of 
Total 
Agapostemon (Guerin-Meneville) 2 1.47 
Andrena (Fabricius) 53 38.97 
Apis mellifera (Linnaeus, 1758) 36 26.47 
Bombus (Latreille) 1 0.74 
Lasioglossum (Curtis) 44 32.35 
Total 136  
*Samples taken 3/20/2018 to 3/22/2018 and 3/29/2018 to 3/31/2018, mustard was in bloom. 
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Figure 1. Kibler, AR 2018 mean bee abundance by cover crop treatment for two sample dates 
(3/20/2018 to 3/22/2018 and 3/29/2018 to 3/31/2018) during cover crop bloom.  
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Table 5. Kibler, AR 2018 total counts and percentages of total bees for bee genera collected over 
two sample dates during watermelon bloom. 
Genus Count 
% of 
Total 
Agapostemon (Guerin-Meneville) 203 7.91 
Andrena (Fabricius) 1 0.04 
Apis mellifera (Linnaeus, 1758) 5 0.19 
Augochlorella (Sandhouse) 227 8.85 
Bombus (Latreille) 10 0.39 
Calliopsis (Smith) 2 0.08 
Halictus (Latreille) 249 9.71 
Lasioglossum (Curtis) 708 27.60 
Megachile (Latreille) 20 0.78 
Melissodes (Latreille) 548 21.36 
Melitoma (Say, 1837) 1 0.04 
Nomia (Latreille) 16 0.62 
Peponapis (Say, 1837) 414 16.14 
Ptilothrix (Cresson, 1878) 1 0.04 
Svastra (Holmberg) 37 1.44 
Triepeolus (Robertson) 1 0.04 
Xenoglossa (Smith) 115 4.48 
Xylocopa (Latreille) 7 0.27 
Total 2,565  
*Samples taken 6/26/2018 to 6/28/2018 and 7/3/2018 to 7/5/2018. 
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Table 6. 2019 Hope, AR total counts and percentages of total bees for bee genera collected 
during one sample at cover crop bloom. 
Genus Count 
% of 
Total 
Apis mellifera (Linnaeus, 1758) 1 4.76 
Halictus (Latreille) 12 57.14 
Lasioglossum (Curtis) 5 23.81 
Melissodes (Latreille) 2 9.52 
Osmia (Panzer) 1 4.76 
Total 21  
*Samples taken 4/11/2019 to 4/12/2019. 
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Figure 2. Hope, AR 2019 mean bee abundance by cover crop treatment during one sample date 
(4/11/2019 to 4/12/2019) at cover crop bloom, NSD.  
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Table 7. Approximate densities of cover crops at the time of pollinator sampling in Fayetteville, 
AR. 
Cover Crop Treatment Estimated Cover Crop Densities z 
Canola 70 to 80% 
Mustard 0% (winter-killed) 
Austrian Pea 95 to 100% 
Mustard + Canola 0% mustard (winter-killed); 40 to 60% canola 
Austrian Pea + Mustard 70 to 80% Austrian pea; 0% mustard (winter-killed) 
Austrian Pea + Canola 60 to 70% Austrian pea; 20 to 30% canola 
Control No cover crops 
z Cover crop densities were estimated visually as a percentage of plot coverage. Ranges are given 
for cover crop treatments with plot coverage that varied by replication. 
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Table 8. Fayetteville, AR 2019 total counts and percentages of total bees for bee genera collected 
over two sample dates at cover crop bloom. 
Genus Count 
% of 
Total 
Agapostemon (Guerin-Meneville) 12 4.38 
Andrena (Fabricius) 7 2.55 
Apis mellifera (Linnaeus, 1758) 10 3.65 
Augochlorella (Sandhouse) 68 24.82 
Bombus (Latreille) 12 4.38 
Ceratina (Latreille) 35 12.77 
Halictus (Latreille) 19 6.93 
Lasioglossum (Curtis) 47 17.15 
Megachile (Latreille) 1 0.36 
Melissodes (Latreille) 55 20.07 
Peponapis (Say, 1837) 6 2.19 
Xylocopa (Latreille) 2 0.73 
Total 274  
*Samples taken 5/12/2019 to 5/14/2019 and 5/20/2019 to 5/22/2019. 
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Figure 3. Fayetteville, AR 2019 mean bee abundance by cover crop treatment across two sample 
dates (5/12/2019 to 5/14/2019 and 5/20/2019 to 5/22/2019) during cover crop bloom. Data was 
pooled across both sample dates for analysis. 
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Figure 4. Fayetteville, AR 2019 mean bee richness by cover crop treatment across two sample 
dates during cover crop bloom, NSD. Bee richness is a measure of diversity equivalent to total 
number of distinct genera. 
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Conclusions 
 This study successfully evaluated the abundance and diversity of beneficial and pest 
arthropods in cover crops and in following watermelon production systems. While results 
between sites and locations were inconsistent, the project provided preliminary information on 
how the various cover crops and cover crop mixtures could impact pest and beneficial insects. 
The flowering cover crops such as legumes and brassicas tended to support populations of pest 
insects (e.g. aphids) that in turn supported a good deal of natural enemies (e.g. lady beetles and 
parasitoid wasps). However, the potential of these cover crops to bridge these beneficial insects 
into watermelon and thereby reduce pests was unclear. Some beneficials were found in the cash 
crop, but the pest pressure in the watermelon plots was low and there were no aphid populations 
to support natural enemies after cover crop termination. It is unclear if beneficials moved in from 
neighboring areas or as a direct result of the cover crop. The study also revealed that grass cover 
crops often supported fewer insects, including fewer pests. One of the most important findings 
was that none of the cover crops investigated increased major watermelon pests e.g. cucumber 
beetles, melon aphids, and squash bugs. This is important information to watermelon growers as 
a cover crop that serves as an alternate host to these pests could have exacerbated the pest 
problems in the following watermelon cash crop. The results of this project can be applied not 
only to watermelon but other production systems as well. Growers following with cash crops 
may want to avoid using the same type of cover crops so they do not increase pest pressure. 
 The project also examined the impact of these cover crops on the occurrence and severity 
of common watermelon diseases. Disease incidence was low but the same across treatments, 
indicating that cover crops did not bridge watermelon diseases nor increase their incidence. 
Additional work should be conducted utilizing inoculation to support this work.  
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The impact of cover crops on pollinators was studied as well. Preliminary results 
demonstrated that early-season bees benefitted from cover crop resources so long as the cover 
crops flowered before termination. Successful flowering was dependent on fall planting date and 
winter weather conditions. It was also revealed that native cucurbit specialists played an 
important role in watermelon pollination with them being very abundant during watermelon 
bloom.  
The overarching goal of this project was to make recommendations to growers on the 
most ideal winter cover crops to use for integrated pest management and pollinator promotion. 
Based on the findings, a grass cover crop might be best to use if the grower would like to keep 
general crop pests low. If the grower experiences issues with melon aphids, then a legume or 
brassica cover crop that supports natural enemies would be ideal. To promote pollinators, it 
would be best to use an early-flowering cover crop like mustard or canola. The major takeaway 
is that none of these cover crops increased major watermelon pests or disease. When selecting a 
cover crop, growers should ultimately take these benefits into account as well as other benefits 
like weed suppression and impact on soil health. Cover crops should be selected based on the 
specific needs of each growing situation.  
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Appendix 
Appendix A. Families and common names of arthropods collected in cover crops in Hope, AR 
and Kibler, AR over all sample dates with categorizations as agricultural pest, beneficial, or 
neither (n/a). 
 Family Common Name Category  
 Acrididae Short-Horned Grasshoppers Pest  
 Aeolothripidae Predatory Thrips Beneficial  
 Agromyzidae Leaf Miner Flies Pest  
 Agyrtidae Primitive Carrion Beetles n/a  
 Andrenidae Mining Bees Beneficial  
 Anthicidae Ant-like Flower Beetles n/a  
 Anthocoridae Minute Pirate Bugs Beneficial  
 Anthomyiidae Root Maggot Flies n/a  
 Anthomyzidae Anthomyzid Flies n/a  
 Aphididae Aphids Pest  
 Apidae Honey Bees Beneficial  
 Araneidae Orb Weavers Beneficial  
 Attevidae Tropical Ermine Moths Pest  
 Bethylidae Bethylid Wasps Beneficial  
 Bibionidae March flies n/a  
 Blissidae Chinch Bugs Pest  
 Braconidae Braconid Wasps Beneficial  
 Byrrhidae Pill Beetles n/a  
 Caeciliusidae Lizard Barklice n/a  
 Cantharidae Soldier Beetles Beneficial  
 Carabidae Ground Beetles Beneficial  
 Cecidomyiidae Gall Midges Pest  
 Ceraphronidae Ceraphronid Wasps Beneficial  
 Ceratopogonidae Biting Midges n/a  
 Cercopidae Froghoppers Pest  
 Chalcididae Chalcidid Wasps Beneficial  
 Chaoboridae Phantom Midges n/a  
 Chironomidae Midges n/a  
 Chloropidae Frit Flies n/a  
 Chrysomelidae Leaf Beetles Pest  
 
 
Spotted Cucumber Beetles Pest  
 Chrysopidae Green Lacewings Beneficial  
 Cicadellidae Leafhoppers Pest  
 Clastopteridae Clastopterid Spittlebug Pest  
 Coccinellidae Lady Beetles Beneficial  
 Coenagrionidae Narrow-Winged Damselflies Beneficial  
 Colletidae Masked Bees Beneficial  
 Coreidae Leaf-Footed Bugs Pest  
 
 
Squash Bugs Pest  
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Appendix A. Families and common names of arthropods collected in cover crops in Hope, AR and 
Kibler, AR over all sample dates with categorizations as agricultural pest, beneficial, or neither 
(n/a). (Continued) 
 Family Common Name Category  
 Crambidae Crambid Snout Moths Pest  
 Culicidae Mosquitoes n/a  
 Curculionidae Weevils Pest  
 Cydnidae Burrowing Bugs Pest  
 Cynipidae Gall Wasps n/a  
 Delphacidae Delphacid Planthoppers Pest  
 Dictynidae Mesh Web Weavers Beneficial  
 Dolichopodidae Long-Legged Flies Beneficial  
 Drosophilidae Pomace Flies n/a  
 Ectopsocidae Outer Barklice n/a  
 Elateridae Click Beetles n/a  
 Empididae Dance Flies n/a  
 Encyrtidae Encyrtid Wasps Beneficial  
 Endomychidae Handsome Fungus Beetles n/a  
 Ephydridae Shore Flies n/a  
 Epipsocidae Elliptical Barklice n/a  
 Erebidae Erebid Moths Pest  
 Erotylidae Pleasing Fungus Beetles n/a  
 Eulophidae Eulophid Wasps Beneficial  
 Eurytomidae Eurytomid Wasps Beneficial  
 Figitidae Figitid Wasps Beneficial  
 Formicidae Ants Beneficial  
 Gelechiidae Gelechiid Moths Pest  
 Geocoridae Big-Eyed Bugs Beneficial  
 Geometridae Geometrid Moths Pest  
 Halictidae Sweat Bees Beneficial  
 Heleomyzidae Heleomyzid Flies n/a  
 Hemerobiidae Brown Lacewings Beneficial  
 Hydrophilidae Water Scavenger Beetles n/a  
 Ichneumonidae Ichneumon Wasps Beneficial  
 Lachesillidae Fateful Barklice n/a  
 Latridiidae Minute Brown Scavenger Beetles n/a  
 Lauxaniidae Lauxaniid Flies n/a  
 Leiodidae Round Fungus Beetles n/a  
 Linyphiidae Sheetweb and Dwarf Spiders Beneficial  
 Lonchaeidae Lance Flies n/a  
 Lonchopteridae Spear-Winged Flies n/a  
 Lycosidae Wolf Spiders Beneficial  
 Lygaeidae Seed Bugs Pest  
 Meloidae Blister Beetles Pest  
 Melyridae Soft-Winged Flower Beetles n/a  
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Appendix A. Families and common names of arthropods collected in cover crops in Hope, 
AR and Kibler, AR over all sample dates with categorizations as agricultural pest, beneficial, 
or neither (n/a). (Continued) 
 Family Common Name Category  
 Membracidae Treehoppers Pest  
 Miridae Plant Bugs Pest  
 Mordellidae Tumbling Flower Beetles Pest  
 Muscidae House Flies n/a  
 Mycetophilidae Fungus Gnats n/a  
 Nabidae Damsel Bugs Beneficial  
 Nitidulidae Sap-Feeding Beetles Pest  
 Notodontidae Prominent Moths Pest  
 Oxyopidae Lynx Spiders Beneficial  
 Pentatomidae Stink Bugs Pest  
 Philodromidae Running Crab Spiders Beneficial  
 Phlaeothripidae Tube-Tailed Thrips n/a  
 Phoridae Scuttle Flies n/a  
 Piophilidae Cheese Skipper Flies n/a  
 Pipunculidae Big-Headed Flies n/a  
 Platygastridae Platygastrid Wasps Beneficial  
 Pompilidae Spider Wasps Beneficial  
 Prodoxidae Yucca Moths Pest  
 Psocidae Common Barklice n/a  
 Psychidae Bagworm Moths Pest  
 Psychodidae Sand Flies n/a  
 Psyllidae Jumping Plant Lice Pest  
 Pteromalidae Pteromalid Wasps Beneficial  
 Pyralidae Snout Moths Pest  
 Reduviidae Assassin Bugs Beneficial  
 Rhagionidae Snipe Flies n/a  
 Rhopalidae Scentless Plant Bugs Pest  
 Rhyparochromidae Dirt-Colored Seed Bugs Pest  
 Salticidae Jumping Spiders Beneficial  
 Sarcophagidae Flesh Flies n/a  
 Scathophagidae Dung Flies n/a  
 Sciaridae Dark-Winged Fungus Gnats n/a  
 Sciomyzidae Marsh Flies n/a  
 Sepsidae Black Scavenger Flies n/a  
 Simuliidae Black Flies n/a  
 Sphaeroceridae Lesser Dung Flies n/a  
 Staphylinidae Rove Beetles Beneficial  
 Syrphidae Hoverflies Beneficial  
 Tachinidae Tachinid Flies Beneficial  
 Tephritidae Fruit Flies n/a  
 Tetragnathidae Long-Jawed Orb Weavers Beneficial  
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Appendix A. Families and common names of arthropods collected in cover crops in Hope, 
AR and Kibler, AR over all sample dates with categorizations as agricultural pest, beneficial, 
or neither (n/a). (Continued) 
 Family Common Name Category  
 Tetrigidae Pygmy Grasshoppers n/a  
 Thomisidae Crab Spiders Beneficial  
 Thripidae Thrips Pest  
 Thyreocoridae Ebony Bugs Pest  
 Tineidae Clothes Moths n/a  
 Tipulidae Crane Flies n/a  
 Tortricidae Tortricid Moths Pest  
 Torymidae Torymid Wasps Beneficial  
 Ulidiidae Picture-Winged Flies n/a  
 Unknown Coleopteran Larvae n/a  
 Unknown Lepidopteran Larvae Pest  
 Unknown Neuropteran Larvae Beneficial  
 Unknown Orthopteran Nymph n/a  
 Vespidae Yellow Jackets Beneficial  
  129 Total Families   
 
 
